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FOREWORD
The following pages comprise a series of monographs

on the Positive Sciences of the Ancient Hindus. In

the present state of Indian chronology it is not possible

to assign dates to the original sources from which the

materials have been drawn. Practically the main body

of positive knowledge here presented may be assigned

to the millennium 500 B.c.—500 A.D. Colebrooke's

account of Hindu Algebra, and Hoernle's of Hindu

Osteology, have made it unnecessary for me to write

separate monographs on these subjects. The former,

however, requires to be brought up to date. The

progress of Indian Algebra (mainly in Southern India)

after Bhaskara, parallel to the developments in China

and Japan, is a subject that remains for future

investigation.

The chapter on the "Mechanical, Physical, and

Chemical Theories of the Ancient Hindus " appeared in

Dr. P. C. Ray's Hindu Chemistry (Vol II.), and that on

the " Scientific Method of the Hindus " as an appendix

to the same work.

My direct aim in the present work is to furnish the

historians of the special sciences with new material

which will serve to widen the scope of their survey.

The Hindus no less than the Greeks have shared in the

work of constructing scientific concepts and methods

in the investigation of physical phenomena, as well as

of building up a body of positive knowledge which

has been applied to industrial technique; and Hindu
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iv FOREWORD

scientific ideas and methodology (e.g. the inductive

method or methods of algebraic analysis) have deeply

influenced the course of natural philosophy in Asia—in

the East as well as the West—in China and Japan, as

well as in the Saracen Empire. A comparative estimate

of Greek and Hindu science may now be undertaken

with some measure of success—and finality.

These studies in Hindu Positive Science are also

intended to serve as a preliminary to my " Studies in

Comparative Philosophy." Philosophy in its rise and

development is necessarily governed by the body of

positive knowledge preceding or accompanying it

Hindu Philosophy on its empirical side was dominated

by concepts derived from physiology and philology,

just as Greek Philosophy was similarly dominated

by geometrical concepts and methods. Comparative

Philosophy, then, in its criticism and estimate of Hindu

thought, must take note of the empirical basis on which

the speculative superstructure was raised.

I have not written one line which is not supported

by the clearest texts. The ground trodden is, for the

most part, absolutely new. Fortunately, the Sanskrit

philosophico-scientific terminology, however difficult

from its technical character, is exceedingly precise,

consistent, and expressive. I may add that I have

occasionally used (perhaps with a questionable freedom)

scientific terms like isomeric, polymeric, potential, etc.,

in a broad sense, as convenient symbols to express

ideas nearly or remotely allied.

Brajendranath Seal.
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THE POSITIVE SCIENCES
OF THE

ANCIENT HINDUS

CHAPTER I.

THE MECHANICAL, PHYSICAL, AND CHEMICAL
THEORIES OF THE ANCIENT HINDUS.

I propose in this paper to give a synoptic view of the

mechanical, physical, and chemical theories of the

ancient Hindus. A chronological survey, even if the

materials for it were available, would be here of little

account. The origins of Hindu natural philosophy in

the speculations of the BrAhmanas and the Upanishads,

or in the mythology of the Pur&nas, do not come

within the scope of the present exposition, which

relates to the results of systematic thought as directed

to the phenomena and processes of Nature. I have

therefore confined myself . to an account of natural

philosophy as expounded in the principal systems of

Hindu thought. The S&nkhya - Pdtanjala system

accounts for the Universe on principles of cosmic evo-

lution ; the Vaiseshika-Ny&ya lays down the methodo-

logy of science, and elaborates the concepts of

B
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2 THE POSITIVE SCIENCES OF

mechanics, physics, and chemistry. The Ved&nta, the

Purva-Mim&msd, and in a less degree the Bauddha, the

Jaina, and the Ch&rv&ka systems, make incidental

contributions on points of special interest, but their

main value in this regard is critical and negative. The

principal authorities followed in this account—the

Vy&sa-Bh&shya on P&tanjali's Sutras, the SamhiU of

Charaka, the Bh&shya of Prasastap&da, the V&rtika of

Udyotakara, and the VWhat Sarahitd of Var&hamihira

—all centre round the Hindu Renaissance, the begin-

nings of the anti-Buddhist reaction in the fourth, fifth,

and sixth centuries of the Christian era. Whenever I

have made use of later authors, e.g. Kum&rila, Sankara,

&rfdhara, Vdchaspati, Udayana, Bhiskara, Jayanta,

Varavara, Raghun&tha, VijnAna-bhikshu, etc., I have

taken care to see (except where the opposite is expressly

mentioned) that no idea is surreptitiously introduced

which is not explicitly contained in the earlier authors.

The SInkhya-PItanjala System.

This system possesses a unique interest in the

history of thought as embodying the earliest clear and

comprehensive account of the process of cosmic evolu-

tion, viewed not as a mere metaphysical speculation

but as a positive principle based on the conservation,

the transformation, and the dissipation of Energy.

Praknti: the Ultimate Ground.—The manifested

world is traced in the Sdnkhya to an unmanifested

ground, Prakr/ti, which is conceived as formless and

undifferentiated, limitless and ubiquitous, indestructible

and undecaying, ungrounded and uncontrolled, without
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THE ANCIENT HINDUS 3

beginning and without end. But the unity of Praknti

is a mere abstraction ; it is in reality an undifferentiated

manifold, an indeterminate infinite continuum of infini-

tesimal Reals. These Reals, termed Gunas, may by

another abstraction be classed under three heads

:

(l) Sattva, the Essence which manifests itself in a

phenomenon, and which is characterised by this

tendency to manifestation, the Essence, in other words,

which serves as the medium for the reflection of

Intelligence ; (2) Rajas, Energy, that which is efficient

in a phenomenon, and is characterised by a tendency

to do work or overcome resistance; and (3) Tamas,

Mass or Inertia, which counteracts the tendency of

Rajas to do work, and of Sattva to conscious

manifestation.

The ultimate factors of the Universe, then, are

(1) Essence, or intelligence-stuff, (2) Energy, and

(3) Matter, characterised by mass or inertia.

These Gunas are conceived to be Reals, substantive

entities—not, however, as self-subsistent or independent

entities (uvpt), but as interdependent moments in every

real or substantive Existence.

Even Energy is substantive in this sense. The

infinitesimals of Energy do not possess inertia or

gravity, and are not therefore material, but they possess

quantum and extensity (iiftjTO—m(VH*m) .

The very nature of Energy is to do work, to

overcome resistance (nre^ TOWt), to produce motion.

All Energy is therefore ultimately kinetic ; even

potential Energy («g|fljfti|ifa) is only the Energy of

motion in imperceptible forms.

b 2
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4 THE POSITIVE SCIENCES OP

The Original Constituents and their Interaction.—
Every phenomenon, it has been explained, consists of a

three-fold arche, intelligible Essence, Energy, and Mass.

In intimate union these enter into things as essential

constitutive factors. The essence of a thing (Sattva) is

that by which it manifests itself to intelligence, and

nothing exists without such manifestation in the

Universe of Consciousness (tnrfajffc). But the Essence

is only one of three moments. It does not possess

mass or gravity, it neither offers resistance nor does

work. Next there is the element of Tamas, mass,

inertia, matter-stuff, which offers resistance to motion

as well as to conscious reflection (mn 5^ tov^).

But the intelligence-stuff and the matter-stuff

cannot do any work, and are devoid of productive

activity in themselves. All work comes from Rajas,

the principle of Energy, which overcomes the resistance

of matter, and supplies even Intelligence with the

Energy which it requires for its own work of

conscious regulation and adaptation. (vm*m*n^ mgfK»«rt

The Gunas are always uniting, separating, uniting

again, (^^(h^h i : *w, %*rmffo*spfrti ftnifrft ^y«nr 1)

Everything in the world results from their peculiar

arrangement and combination. Varying quantities of

Essence, Energy, and Mass, in varied groupings, act on

one another, and through their mutual interaction and

interdependence evolve from the indefinite or qualita-

tively indeterminate to the definite or qualitatively

determinate. (vOi y<ui; iHwOm^uftwi'iu fNfrrftnipnn&nin
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THE ANCIENT HINDUS 5

^HflOM i*WJ gmf^frrtfliN: i—*mon*? i) But though co-

operating to produce the world of effects, these divers

moments with divers tendencies never coalesce. In the

phenomenal product whatever Energy there is is due to

the element of Bajas, and Rajas alone ; all matter,

resistance, stability is due to Tamas, and all conscious

manifestation to Sattva. (mj*u iff i fffr«*fc wlfimyfan-

ftwijuo: ***** faftrprcnra**—fa*Tirfir|,

on ibid, ^rt ywm tt&m—wwOttow, nvfl^Kql

on «ii«m*i, ibid.)

The nature of the interaction is peculiar. In order

that there may be evolution with transformation of

Energy, there must be a disturbance of equilibrium, a

preponderance of either Energy or Mass-resistance or

Essence over the other moments. The particular Guwa

which happens to be predominant in any phenomenon

becomes manifest in that phenomenon, and the others

become latent, though their presence is inferred by their

effect. For example, in any material system at rest

the Mass is patent, the Energy latent, and the conscious

manifestation sub-latent. In a moving body, the Rajas,

Energy, is predominant (kinetic), while the Mass, or

rather the resistance it offers, is overcome. In the

volitional consciousness accompanied with movement,

the transformation of Energy (or work done by Rajas)

goes hand in hand with the predominance of the

conscious manifestation, while the matter-stuff or Mass,

though latent, is to be inferred from the resistance over-

come, (iwrojun* 3M$n§imftiMMi n^jwft? ^ ^jiMKm^uu
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6 THE POSITIVE SCIENCES OF

The Starting-point.—The starting-point in the cosmic

history is a condition of equilibrium or equipoise

consisting in a uniform diffusion of the Reals. The

tendencies to conscious manifestation, as well as the

powers of doing work, are exactly counterbalanced by

the resistances of the inertia or Mass : the process of

cosmic evolution (ijflnn*) is under arrest.
(TOnrenrol

wmmw i injfin—Pravachana, Sutra 61, Chap. I. mm iqm i

fa**ffc—AjflMfMBj, ibid.)

Beginning of Evolution.—The transcendental (non-

mechanical) influence of the Purusha (the Absolute)

puts an end to this arrest, and initiates the process of

creation. Evolution begins with the disturbance of the

original equilibrium. How this is mechanically brought

about is not very clear. A modern expounder of the

SAnkhya supposes that the particles of Sattva, Rajas,

and Tamas possess a natural affinity for other particles

of their own class, and that when the transcendental

influence of the Purusha ends the state of arrest, the

affinity comes into play, breaks up the uniform diffusion,

and leads to unequal aggregation, and therefore to the

relative preponderance of one or more of the three

Gunas over the others. Thus commences formative

combination among the Reals, and consequent pro-

ductive activity. (*I$»m^ mw^nVi: ^rfron^T n4M
dqlJ ifl^M:—Sutra 66, Chap. I., ftyrefa^ i

^ftnfNwbrt ^ftnliiftq «w«*«0hi\ g**rnrhnnn wmm i mml -

*ftqf»nfipn fftrgnnffrt ^ ibid., Sutra 128, Chap. I.)

Formation of Wholes or Systems— Collocation of

Reals.— Creative transformation accompanied with
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THE ANCIENT HINDUS 7

evolution of motion (ifftOT?) and work done by Energy

(fan) cannot take place without a peculiar collocation

of the Keals (Gunas). To form wholes or systems

(*g^) it is essential that one Guna should for the

moment be preponderant and the others co-operant.

And this cannot be without an unequal aggrega-

tion which overthrows the original equilibrium

^jTCTftnwn)—in other words, without unequal forces

or stresses coming into play in different parts of the

system, (iroflp?!—*Trofir i *nfc *ftrt q(V*M^^ . . . *$pr.

Art i * ^ 3w3M*iiTMq|«* i q i $ii i—*m*fir, ifcj^

on K&rM 16.)

The Formula of Evolution—Differentiation in Inte-

gration.— Evolution (ijftan*) in its formal aspect is

defined as differentiation in the integrated
(dqg ttjq* ).

In other words, the process of Evolution consists in the

development of the differentiated (S*w?) within the

undifferentiated (wuiiqwi), of the determinate (firjhc)

within the indeterminate (wftrjre), of the coherent

(jirffci) within the incoherent (^njwftn). The evolutionary

series is subject to a definite law which it cannot over-

step (m(\hjih*hPh*w). The order of succession is not

from the whole to parts, nor from parts to the whole,

but ever from a relatively less differentiated, less

determinate, less coherent whole to a relatively more

differentiated, more determinate, more coherent whole.

That the process of differentiation evolves out of

homogeneity separate or unrelated parts, which are then

integrated into a whole, and that this whole again

breaks up by fresh differentiation into isolated factors
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8 THE POSITIVE SCIENCES OF

for a subsequent redintegration, and so on ad infinitum,

is a fundamental misconception of the course of material

evolution. That the antithesis stands over against the

thesis, and that the synthesis supervenes and imposes

unity ab extra on these two independent and mutually

hostile moments, is the same radical misconception as

regards the dialectical form of cosmic development. On
the S&nkhya view, increasing differentiation proceeds

pari passu with increasing integration within the

evolving whole, so that by this two-fold process what

was an incoherent indeterminate homogeneous whole

evolves into a coherent determinate heterogeneous whole.

The different stadia in the order of cosmic evolution

are characterised as follows :

—

(1) The inconceivable, the unknowable, the form-

less, of which no character can be predicated

(^rf^f)> including Prakriti, or the Reals in a

state of equilibrium.

(2) The knowable, the empirical universe, cosmic

matter of experience, things as matter or stuff

of consciousness (f^f), comprising Mahat, the

intelligible Essence of the cosmos, evolved by

differentiation and integration within the form-

less, characterless, inconceivable Prakriti.

(3) Individual but still indeterminate stuff bifur-

cating into two series—Subject-experience and

Object-experience, comprising on the one hand

the indeterminate unity of apperception, or the

empirical Ego, as the co-ordinating principle of

the Subject-series (vftRin), and on the other hand
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THE ANCIENT HINDUS 9

(though through the mediation of this sub-

jective modification, wftffWT or Ahank&ra) the

indeterminate material potencies, the subtile

vehicles of potential Energy (7pm*, ^P$w)i

ultimate subtile constituents of the Object-series

(the material world). The previous stadium,

the cosmic matter of Experience (f&$,

evolves within itself, by differentiation and

integration, an individuated but still indeter-

minate stuff in two co-ordinated series, Subject

and Object, though the latter is mediated

through the former.

(4) Determinate stuff (ftrjnr) evolved within the

indeterminate by further differentiation and

integration, viz., in the series of Subject-expe-

rience, sensory and motor stuff ; and in the

Object-series, a corresponding atomic matter-

stuff actualising the material potencies in the

form of specific sensible Energies. The latter

includes the different classes of Param&nus, the

different kinds of atomic constituents of different

kinds of gross matter (w^jtt).

(5) Coherent and integrated matter-stuff, individual

substances, characterised by generic and specific

properties, which however are not rigidly fixed,

but fluent, being subject to a three-fold change

and constantly evolving.
(^jrtfm iqm^ ij'M:

S*rftrfir *?r^r.—*n*wn*, Sutra 44, Chap. III.

a iHMfqiMMw^ i^ j4— ibid. m*raftrjfrn*n

^wrt vff, ibid, vftiu&t vw)<$ii|<ui4<NiMni4uiJi:)
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10 THE POSITIVE SCIENCES OP

(6) And so the cosmic series moves on in ascend-

ing stages of unstable equilibrium (torpnrfan*)

until the reverse course of equilibriation and

dissipation of Energy (msmtlmn and

which even now constantly accompanies the

evolution and transformation of Energy, com-

pletes the disintegration of the Universe into its

original unmanifested ground, the unknowable

Prakriti.

The order of Cosmic Evolution according to the

(Sutra 19, Pada II.) is shown below in a tabular

form

Prakriti, the unmanifested unknowable ground

Cosmic matter of experience (inpr , %#)

Subject Series —> Object Series (wflnre)

:

evolved in the cosmic

matter of experience but

through the mediation

ofthe individuatedmind-

stuff wfenn (Ahankdra).

Individuated indetermin- Individuated but indeter-

ate mind-stuff (unity of minate matter - stuff

apperception, empirical (subtile material poten-

Ego (wfann). cies (ttot*).
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THE ANCIENT HINDUS 11

Determinate mind - stuff Determinate matter-stuff

(finrw),sensoryand motor (ftrjrw), atomic and mole-

psychoses, etc. (vnfrcit, cular constituents of

w^ft;* and inn). gross matter (tott^—

w^|w).

|

Coherent and integrated

matter-stuff(wgwfaynreT.

Individual substances, with

generic and specific

characters subject to

constant change or evo-

lution, e.g. inorganic

objects composed of

atoms or molecules

(TOn^j), vegetable or-

ganisms (y*)> animal

organisms (jrrta)- (^*gw-

ftmm *jtw: *tft jw-

TOngftflr—vrron*!, Sutra

44, Pada III.)

ww kx
s

flrfrow urnrftrew:, win wwf^wTt f^prnr *Ujf i

ftrftr^, qtX^i imwftfum^, wut wj ^ftrjrwj ^frgmfVi ^WTftr

muw \ (\\mw i Sutra 19, Pada II.)

N.B.—The usual order given in the Sdnkhya-

Pdtanjala compendiums is as follows :—Praknti, Mahat,

Ahankdra—and then the bifurcation, viz. 11 organs

(sensory, motor and common sensori-motor) from Rdjasic

Ahankira, and Tanmdtras from Tdmasic Ahankdra—and
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12 THE POSITIVE SCIENCES OF

finally the Paramimia of the Sthiila Bhiitas. This is

literally correct, but misses the significance of the

doctrine of " differentiation within the integrated,"

according to which the Tanm&tras are all evolved,

through the medium of AhankAra, in the cosmic matter

of Experience (Mahat).

The Conservation of Energy (and of Mass)—the

Transformation of Energy.—The Gunas (Reals), though

assuming an infinite diversity of forms and powers, can

neither be created nor destroyed. The totality of the

Mass (Tamas), as well as of Energy (Rajas), remains

constant, if we take account both of the manifested

and the unmanifested, the actual and the potential. But

the individual products of the evolutionary process

—

the concrete phenomenal modes resulting from the

combined action of the original Mass, Energy, and

Essence—are subject to addition and subtraction,

growth and decay, which are only due to changes of

collocation, and consequent changes of state from the

potential to the actual (in other words, from the future

to the present and from the present to the past, in a

time series)—changes which are illusorily ascribed to the

Reals themselves. The different collocations of Mass and

Energy give birth to the divers powers of things, the

various forms of Energy which may be classed as like

and unlike ;
indeed, the course of Evolution from the

Reals conforms to a fixed law, not only as regards the

order of succession, but also as regards the appearance

(and mutual relations) of like and unlike Energies.

And this transformation is constantly going on—the

course of Evolution is not arrested for a moment.
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3*n*j *fv*a?jmPfH: it jmwp&i ^tot *rffcfiro

iwwnnir fanwro, Sutra 19, Pada II.) urmnfaPniMdi

jori^i *tfa$ ijmiHl *ftmjrfV*iw^i (ibid., Sutra 13,

Pada IV.) *ir jw. j^ i alit ij^ml^ilWi^ ijmniH: (ibid.,

Sutra 19, Pada II.) nflqmwPtHH i^ Sutra 19,

Pada II.) HRraPt inuoin-«i3 (Patafljali, Sutra 15,

Pada III.) w*fir. trfap^qftgi qqpmreftqr*! Hiqfligfr i

The Doctrine of Causation, a corollary from the con-

servation and transformation of Energy—the Principle

of Collocation—the Storing-up and the Liberation of

Energy

:

—
The S&nkhya view of causation follows at once as a

corollary from this doctrine of the conservation and

transformation of Energy. As the total Energy

remains the same while the world is constantly

evolving, cause and effect are only more or less

evolved forms of the same ultimate Energy. The sum

of effects exists in the sum of causes in a potential (or

unevolved) form. The grouping or collocation alone

changes, and this brings on the manifestation of the

latent powers of the Gunas, but without creation of

anything new. What is called the (material) cause or

sum of material causes is only the power which is

efficient in the production, or rather the vehicle, of the

power. This power is the unmanifested (or potential)

form of the Energy set free (*|Wfftr) in the effect.

But the concomitant conditions are necessary to call

forth the so-called material cause into activity. When
the favourable combination or co-operation of con-

comitants is wanting, there is no manifestation of the
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14 THE POSITIVE SCIENCES OF

effect The question is—what is the aid which the

concomitant conditions render to the determination

(and production) of the effect existing in potency in its

material cause ? First there is the merely mechanical

view as illustrated by some commonplace examples,

e.g., the manifestation of the figure of the statue in the

marble block by the causal efficiency of the sculptor's

art, or of the oil in the sesamum-seed by pressing, or

of the grain of rice out of the paddy by the process of

husking. In these cases the manifestation of an effect

is only its passage from potentiality to actuality, a

stadium in the process of evolution from possible

(future) existence to actual (present) existence ; and

the concomitant condition (ngmftjifa) or efficient

cause
(Pttftm im ), the sculptor's chiselling, the pressing,

the husking, is a sort of mechanical or instrumental

help to this passage or transition. vritftafOT w^m-

(flrgrefWq-nq^* ii , Sutra 115, Chap. I.) wfinqfw.

to frrgnrogmflnniiT: $(a««nmui ufanftMu* f*$mk$m *

Sutra 129, Chap. I.)

These mechanical examples of the Kapila-SAnkhya

have the merit of simplicity, but the Patanjali-S&nkhya

brushes them aside, and explains causation on the

basis of the conservation and transformation of Energy

advancing it as the liberation of potential Energy

existing stored up in a Guna collocation (the sum of

material causes), the liberation following on the action
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THE ANCIENT HINDUS 15

of the proximate efficient cause, or concomitant con-

dition (ftrftnrwnsr).

The causal operation of concomitant conditions

(efficient causes) lies only in this, that they supply a

physical stimulus which liberates the potential Energy

stored up in a given collocation. Everything in the

phenomenal world is but a special collocation of the

ultimate Reals (Energy, Mass, and Essence). The sum

of (material) causes potentially contains the Energy

manifested in the sum of effects ; and in the passage

from potency to actualisation, the effectuating condition

(the concomitant cause), when it is itself accomplished,

is only a step in the evolutionary series, which adds

a specific stimulus, and renders determinate that which

was previously indeterminate. When the effectuating

condition is added to the sum of material conditions

in a given collocation, all that happens is that a

stimulus is imparted which removes the arrest, disturbs

the relatively stable equilibrium, and brings on a

liberation of Energy
(w^ftmfa) together with a fresh

collocation (iproftn^PT^)- *tfo$ qHTRt nftt^iOijlMH i^^
*rcm*hft jprTwmn (toih, Sutra 13, Pada IV.) mn v®m
ftrftnt Hhrefhred wft * w^rffainrc i ftrt ftrfMt 3rnPw«m

ftjiM i jiigjJ i gfT^iyqT^fli i (wm, Sutra 12,

Pada IV.).

Describing the production of bodies (" organic

vehicles ") for individual souls out of matter of Praknti,

under the influence of their merit and demerit, as

concomitant conditions, Pataftjali points out that non-

material concomitants like merit and demerit do not

supply any moving force or Energy to the sum of
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material conditions, but only remove the arrest (the

state of relatively stable equilibrium) in a given collo-

cation, even as the owner of a field removes the barrier

in flooding his field from a reservoir of water. This

description is intended to represent the super-physical

influence of non-material concomitants (or causes) like

volition, merit and demerit, etc., but the causal operation

of a material concomitant condition is essentially the

same ; there is the same reservoir of stored-up Energy

in a given collocation, the same condition of arrest

or relatively stable equilibrium, the same liberation

of the stored-up potential Energy which flows along

the line of least resistance ; the only difference being

that in the case of material concomitants the stimulus

which removes the arrest is physical, instead of being

transcendental as in the case of non-material causes

like will, merit and demerit, etc.

The Vydsa-Bhdstiya helps us to a clear mental

representation of the details of this process :—As the

owner of many fields can irrigate, from a field which

is already flooded, others of the same or a lower level,

without forcing the waters thereto with his hands, and

merely by making an opening in the barrier or dyke,

on which the waters rush in by their own force
;

or,

further, as the same person cannot force these waters,

or the earthy matters held in solution therein, into

the roots of the rice plants, but only removes the

obstructive grasses and weeds, on which the fluids of

their own power enter the roots;—such is the action

of an effectuating condition (firftm) added to a sum of

material causes or conditions.
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ftfftnn^ winN* Hffrbrt mr. ^finrenj i (Patanjali,

Sutra 3, Pada IV.) * m&Tfi? %ftnl w ^ftrar. j^k i^

**fir mrt g wrot finrftr wftR*
x

fair ^nmro «qmnHn
N

Chain of Causation—Fixed Order.—The order of

Evolution with the transformation of the Energies

follows a definite law. The unalterable chain of causes

and effects in the phenomenal world illustrates this

fixed order. But though the cosmic order is one and

fixed, it comprehends divers series arising from different

combinations of the original Gunas, which constitute

subordinate or particular laws of cause and effect

(narro* mHmuhmw 13:, Patanjali, Sutra 15, Pada III.).

What we call the qualities of things are only modes

of Energy acting in those collocations. qfonmrftCTi

vftfcqr: jjft*^ mfc—* * iwwwij ijRiJHiaw \ (inwm,

Sutra 14, Pada III.) w mftr ^Nrt «U»Ii+jh:,

ipnmR: i (inwm, Sutra 3, Pada IV.). And these

various Energies are sometimes actual (kinetic), some-

times potential, rising to actuality, and sometimes

sub-latent, subsiding from actuality into sub-latency.

In fact, the original Energy is one and ubiquitous,

and everything therefore exists in everything else,

potentialiter (*ff qiiw*fcPd ), without prejudice to the

generic and specific differences of things
(munpg^f *if

*tr*n<). Inorganic matter, vegetable organisms, and

animal organisms are essentially and ultimately one

( *c$y*fl: qTftanfa* unR^m^ui wmj inn wrcTrot

^npnit ^im^) so far as Mass and Energy are

c
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18 THE POSITIVE SCIENCES OF

concerned, but the varied forms of Energy and the

generic and specific qualities (or properties) of things,

which are but modes of Energy, follow a definite

unalterable law in the order of their appearance and

succession, under conditions of space, time, mode, and

causality, and hence all effects do not manifest them-

selves at once. q^raTgnwrcftrflnrrere^ * *mHm<y^

WTunrmfW^rfis: (ibid., Sutra 14, Pada III.) ift to v*fcsi

tnnrerct vfc -mm nr. flnp: w*r*ir Tmrmfc $fir v**ft*T-

ftuwi ^TT^nn^m^ wartmrmpn i (inwj, Sutra 15,

Pada III.).

Time, Space, and the Causal Series.—A Tanm&tra

(infra-atomic particle of subtile matter) is conceived by

our understanding to stand in three relations—(1)

position in Space
(^rreftgw), (2) position in the Time-

series («i<$iqf<4Mi), and (3) position in the Causal-series

(ftrftnmrftCT).

These three relations are the work of the intuitive

stage of knowledge ( P*tf|«omq i) as opposed to the

conceptual (wflnrcntfTT). But this is not the pure

relationless intuition of Reality
(ftrflhrro frifi«g|im ),

which may be termed intellectual intuition, but the

intuition that imposes its forms on the Real substrate

(*flrwm fafffrrgnnyT) or in other words empirical intuition.

TPI ^n^^J ^rM«|#M*A*3 ^l*l<£fHfalljHqNPjMIJ HT WT-

^q*H*n<$**«fl*jT* wftnwroryifiitifr i (*qT*wro, Sutra 44,

Pada I.).

Infinite Time is a non-entity objectively considered,

being only a construction of the understanding
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(jftrftfftw) based on the relation of antecedence and

sequence, in which the members of the phenomenal

series are intuited to stand to one another. These

phenomenal changes as intuited by us in the empirical

consciousness fall into a series, which the understanding

conceives as order in Time. The Time-series, then,

is a schema of the understanding for representing

the course of Evolution. The schema of the under-

standing supervenes on the phenomenal world as order

in Time, and hence in the empirical consciousness the

Time-series appears to have an objective reality, and

to form a continuum. As there is an ultimate and

irreducible unit of extensive quantity (^fturo) in the

Gunas or infinitesimal Reals of Prakriti, which are

without constituent parts, so the moment may be

conceived as the ultimate and irreducible unit of this

Time-continuum as represented in the empirical con-

sciousness. A moment therefore cannot be thought

of as containing any parts standing in the relation of

antecedence and sequence. If change is represented

by the Time-series, a moment as the unit of time may

be supposed to represent the unit of change. Now all

physical change may be reduced to the motion of atoms

in space, and we may therefore define the moment as

representing the ultimate unit of such change—viz.

the (instantaneous) transit of an atom (or rather a

Tanm&tra) from one point in space to the next succeeding

point Even an atom has constituent parts (the

Tanmatras), and hence an atom must take more than

one moment to change its position. The motion of

that which is absolutely simple and without parts from

c 2
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one point in space to the next must be instantaneous,

and conceived as the absolute unit of change (and

therefore of time, ^ror). If this is held to be an

irreducible absolute unit, it will follow that what we

represent as the Time-continuum is really discrete.

Time is of one dimension. Two moments cannot

co-exist; neither does any series of moments exist in

reality. Order in Time is nothing but the relation of

antecedence and sequence, between the moment that

is and the moment that went just before. But only

one moment, the present, exists. The future and the

past have no meaning apart from potential and sub-latent

phenomena. One kind of transformation to which a

thing is subject is that it changes from the potential

to the actual, and from the actual to the sub-latent.

This may be called the change of mark (<$H|Ujm(\njw)

as opposed to change of quality
(wfrftarm) and the

change due to duration or lapse of time
(^regrrefagm) .

The present is the mark of actuality, the future the

mark of potentiality, and the past of sub-latency,

in a phenomenon. Only one single moment is actual,

and the whole Universe evolves in that one single

moment. The rest is but potential or sub-latent.

^rrn: 1 «3*«f t^nr frit ^tm qft^nry^rfiT, d^mn i^u
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IpT* I Hi^ni TOphf "Rpcpni MiMl^jji Wl^ ^WT^P^ ^l-

wqmx * wt?t. iw., srOTrTfTftra^ nm i (wnwn*, Sutra 52,

Pada III.).

Vijn&na-bhikshu points out that this does not

amount to a denial of Time. It means that Time has no

real (or objective) existence apart from the " moment."

But the latter is real, being identical with the unit of

change in phenomena
(jpnftarnrei qpwrenn). But

even this is real only for our empirical (relative) con-

sciousness
(
*jPfVjnq$H ), which intuits the relation of

antecedence and sequence into the evolving Reals

(Gunas), in the stage of " empirical intuition " (*flrwm

ftrftremgT). The "intellectual intuition" (ftffSwm

ftffihramyT), on the other hand, apprehends the Reals

as they are, without the imported empirical relations

of Space, Time, and Causality.

Space as Extension and Space as Position.—Space

must be distinguished as Desa (locus, or rather

extension) and Dik (relative position). Space (Dik)

as the totality of position, or as an order of

co-existent points, is wholly relative to the under-

standing, like order in Time, being constructed on the

basis of relations of position intuited by our empirical

(or relative) consciousness. But there is this difference

between Space-order and Time-order : there is no unit

of Space as position (Dik), though we may conceive a

unit of Time, viz. the moment (^), regarded as the

unit of change in the phenomenal or causal series

(*H*n*gfan i
—JjiUMrimum qmnmh i\

—
i f*« , Sutra 51,

Pada HI.). Spatial position (Dik) results only from
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the different relations in which the all-pervasive Ak&sa

stands to the various finite (or bounded) objects. On

the other hand, Space as extension or locus of a finite

body, Desa ($jr: Awm imk:), has an ultimate unit, being

analysable into the infinitesimal extensive quantity

inherent in the Reals (Gunas) of Prakn'ti. (*j*raraw-

qjprftan*:—ifrwrffa i *5br firm fiprfti nnmiRn «rt ^mn,

The Causal-Series.—The relation of Cause and Effect

has been already explained. It only remains to add

that the category of causality is mediated through the

schema of order in Time. The empirical intuition first

superimposes relations of antecedence and sequence on

changing phenomena (the evolving Gunas or Reals), and

the understanding out of these relations creates order

in Time. The empirical intuition then intuits the

phenomenal series of transformations of Energy in this

Time-order, and in so doing imports the relation of cause

and effect into the course of Nature.
(*u*UK*iHH iqW

yprfanmn—ifrreffty, Sutra 51, Pada III.)

The Dissipation of Energy (and of Mass)—their

Dissolution into the Formless Prahiti.—Cosmic Evolu-

tion (^ftsrm) is a two-fold process, creative as well as

destructive, dissimilative as well as assimilative, kata-

bolic as well as anabolic (wg^forcrfi and f*$tmA,

far^rcftan* and tr^rcfoirm). In one aspect there is

the aggregation (unequal aggregation) of Mass and

Energy, with consequent transformation of Energy,

resulting in the creation of inorganic as well as organic
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matter, and the genesis of worlds. The successive steps

of this process may be described as (1) unequal aggre-

gation with storing-up of Energy in a certain collocation,

under a state of arrest (i.e. in a state of relatively

stable equilibrium), (2) a stimulus removing the arrest

and disturbing the equilibrium, and (3) liberation of

the Energy, moving on to a fresh collocation, fresh

aggregation, arrest, and equilibrium. The process of

the world thus moves on from equilibrium to equili-

brium, and the result of that process is the develop-

ment of a coherent determinate heterogeneous whole

(f&ff, wftrjR, ft**, «3wfaiFHPrcra%g, girftiiT^Kwg) in what

is essentially an incoherent indeterminate homogeneous

whole (^rf^f).

But there is a second aspect of this evolutionary

process. Unequal aggregations are unstable ; there is a

constant tendency in things to go back to the original

stable equilibrium, the state of uniform equal diffusion

of Reals. This process is called the resolution of like

to like (flfjmftjiin), consisting in assimilation and

dissipation, and being the exact opposite of the process

of " differentiation in the integrated " which has evolved

the Cosmos. The collocations of Mass, Energy, and

Essence are always breaking up, and the Energy, as

well as the Mass, however slowly, however imperceptibly,

are being dissipated, i.e. dissolved into the original

formless Praknti, a state of permanent equilibrium and

arrest, from which there is, and can be, no return,

except under the transcendental influence of the

Absolute at the commencement of a new creative cycle.

Not that there is a destruction of the Mass or Energy,
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but a dissipation or dissolution into a condition of equal

uniform diffusion from which there is no return. This

is not the phenomenon of kinetic Energy disappearing

and becoming potential or sub-latent, for in such cases

there is restitution or reconversion by natural means.

When this reverse current of assimilation (and dissipa-

tion) prevails over the current of dissimilation (and

integration), the Universe will disintegrate more and

more, until it disappears in the formless Prakriti, its

unknowable source and ground. ( Vide ttohto and ^fhj^.)

The Evolution of Matter
(urmrfkm ^fir). — The

ultimate constitution of Matter is a question of the

profoundest interest in the Sdnkhya-P&tanjala system.

Three stages clearly stand out in the genesis of

Matter :—(1) the original infinitesimal units of Mass

or inertia, absolutely homogeneous and ubiquitous, on

which Energy does work, when the original equilibrium

comes to an end (*finfif—irnrcnffk) ; (2) the infra-atomic

unit-potentials, charged with different kinds of Energy,

which result from the action of Energy on the original

units of Mass (wwn*) ; and (3) the five different classes

of atoms, the minutest divisions of which gross matter

is capable, but which are themselves complex Tanm&tric

systems (w<$mtt<rhi^).

The first stadium, BhuUdi, is absolutelyhomogeneous

and absolutely inert, being devoid of all physical and

chemical characters (wfijfinrtj*) except quantum or

mass
(nftftCTiW, qftsro) ; and this admits neither of

addition nor of subtraction, can neither be created nor

destroyed. The second stadium, Tanm&tra, represents

subtile matter, vibratory, impingent, radiant, etc.,
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instinct with potential energy. These " potentials " arise

from the unequal aggregation of the original Mass-units

in different proportions and collocations with an unequal

distribution of the original Energy (Rajas). (ir*n*-

uftr ^hftnfti^c —^niTifWiwwTfiffT ^ftnrrarftjtf^iyt i) The

Tanm&tras possess something more than quantum of

Mass and Energy ; they possess physical characters,

some of them penetrability (*h*i^m)> others powers of

impact or pressure, others radiant heat, others again

capability of viscous and cohesive attraction. In

intimate relation to these physical characters they also

possess the potentials of the energies represented by

sound, touch, colour, taste, and smell ; but being subtile

matter, they are devoid of the peculiar forms (fMnc)

which these " potentials " assume in particles of gross

matter like the atoms and their aggregates. In other

words, the potentials lodged in subtile matter must

undergo peculiar transformations by new groupings or

collocations to be classed among sensory stimuli—gross

matter being supposed to be matter endued with

properties of the class of sensory stimuli, though in the

minutest particles thereof the sensory stimuli may be

infra-sensible (wtf^r but not wgwr). (rtftrtwfW«dii«Hi*i:

The Tanm&tras, then, are infra-atomic particles

charged with specific potential energies. First, the

"potential" of the sound-stimulus is lodged in one

class of particles, Tanm&tras which possess the physical
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energy of vibration (^ftwwj), and serve to form the

radicle of the ether - atom (nmymm^) ; then the

potential of the tactile stimulus is lodged in another

class of Tanm&tras, particles which possess the physical

energy of impact or mechanical pressure in addition to

that of vibration, and serve to form the radicle of the

air-atom (V&yu Paramdnu) ; next, the potential of the

colour-stimulus is lodged in a third class of Tanm&tras,

particles which are charged with the energy of radiant

heat-and-light, in addition to those of impact and

vibration, and serve to form the nucleus of the light-

and-heat corpuscle ; then the potential of the taste-

stimulus is lodged in other Tanm&tras, particles which

possess the energy of viscous attraction, in addition to

those of heat, impact, and vibration, and which after-

wards develop into the atom of water ; and, lastly, the

potential of the smell-stimulus is lodged in a further

class of Tanm&tras, particles which are charged with

the energy of cohesive attraction, in addition to those

of viscous attraction, heat, impact, and vibration, and

which serve to form the radicle of the earth-atom.

ifftjfci: ww*n *M§*m \ 4 wwxmri Txwmri im-

Sutra 19, Pada II.) w*ircn^ jRirwn* annr^fnsnFprn^

3Kd»<n i^ jre^rfopri *M$fl«ii4«u *4nrar g*hppp*w mumfty

*tort i (nrwrn, Sutra 62, Chap. L).

wmftrnmrm: *nmnr. i («nwm, Sutra 14, Pada IV.) imw i
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fa*nifH*| remarks : *rt fairer. y^Tftprmnnwni

Ji ifodiigifyMg^ i : ^fwh^TfiyiTTTnn *far i (*forerf%*, Sutra 14,

PadalV.).

Before explaining the genesis of atoms it is neces-

sary to say something about Ak&sa, which is the link

between the infra-atomic particles (Tanmdtras) and

atoms (Param&rcus). Ak&sa corresponds in some

respects to the ether of the physicists, and in others

to what may be called proto-atom (protyle). In one

aspect Akasa is all-pervasive (fag), and devoid of the

property of impenetrability which characterises even

the infra-atomic potential units (Tanm&tras). In

another aspect Ak&m is described as having originated

out of the mass, or inertia, in Praknti (Bhiit&di) when

the latter became charged with the first potential (the

sound-potential). Vijn&na-bhikshu, in the Yoga-V&rtika,

boldly tackles the difficulty. Ak&sa, he explains, has

two forms—original and derivative, non-atomic and

atomic. The original Akisa is the undifferentiated

formless Tamas (mass in Praknti, matter-rudiment

—

Bhut&di), which is devoid of all potentials, and is

merely the all-pervasive seat or vehicle of the

ubiquitous original Energy (Rajas). This Akdsa must

not be confounded with vacuum, which is merely

negative (urown—un-occupiedness), though it must

be conceived as all-pervasive, occupying the same space

as the various forms of gross matter
(^hh^^—

vq«ijl«%M^ wtrfl—jflifflPt* ), and therefore devoid of
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the property of impenetrability (*$i*fl<j*iJ4M^M—

jft'iqiOi*) which characterises atomic matter. But when

the original equilibrium comes to an end,

unequal aggregations form collocations in different

groups and proportions of the three Gunas (^fTTfinwr^if

frfrrftnjre tf^tf—fw^rfirg, irrenrra and n^wifl* ).

The transformation of Energy now begins—working on

a collocation of mass (with Essence) (jj4Ui4iOM*Hfi ^nr:

—

fw"5ffin|, ^ftimRNr) ; it first gives rise to the sound-

potential (qreFPHpftnnWfci ^firaRfir—ft^mrfW^), and the

atomic Ak&sa (proto-atom, protyle) is but an integration

of the original unit of mass charged with this vibration-

potential. This vibratory (or rather rotary) ether-atom

(m*HH*g) is integrated, limited (qftl^n ), and as such

cannot occupy the same space with other (subsequently

integrated) atoms. But this proto-atomic integration

of Ak&sa (<iiJJ)t4Uii) is formed everywhere, and, itself

residing in the ubiquitous non-atomic Ak&sa (wTT*nwm—

*w %\$ ), forms the universal medium in which

air or gas atoms, light-and-heat corpuscles, and other

atoms move and float about.

wranfijj HHt^mr<H^ft * m\ (flurnrf*^, ^wf&w, Sutra

40,PadaIIL)wyr^fig *i^*iimfru fyftnm i im «k*u i«h1

inftygftyni^ 'q^fprn i ^hIh m*m«i*i%i<i|wir<i|^ni$M i
"

MlVfl*# 9rcfrrrar^ ^frow (fw^rfW^, jfrrnffa, Sutra 40,

Pada III).

The Genesis of the Infra-Atomic Unit-Potentials

(Tanmdtras) and of the Atoms.—The subject of the
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genesis and the structure of the Tanm&tras and the

Param&nus was a fascinating one to these ancient

thinkers, and a wide divergence of views prevailed. I

will here notice several typical views—those of the

Vishnu Pur&na, Par&sara, Patanjali, and a certain school

of Ved&ntists reported in the imftrcro.

I. A famous passage in the Vishnu Pur&na explains

the genesis and the structure of the Tanm&tras and of

the Bhiitas (ParamAnus) in the following manner :

—

The first Tanm&tra originated from the rudiment-

matter (Bhutddi), the individuated but still indeter-

minate potential-less Mass in Praknti, under the action

of Energy (ttohit: qftflnntffr—n^mrn, Sutra 62, Ch. I.)

by a process of disintegration and emanation (ftrjtro:

—

faqmw—g«n<«KKm:— «n*Hrr, Sutra 14, Pada IV.

ftjiuumq: fa*l4li!USMiqi *nf*nn ^ftr *n^, ifrnnffh* on

Pdtaiijali's Sutra— iR^rfVr* ftnrrqpnr. etc.) in the

menstruum, or surrounding medium of the unindi-

viduated cosmic mass (Mahat, *fin^?r:).

This first subtile matter, the first result of " Mass-

disintegration " and Energy-transformation, is charged

with the sound-potential, the potential of vibration or

oscillation (*ifts«rcO. It is called the sound-potential

This is typical of the genesis (and structure) of the

other Tanm&tras (kinds of subtile matter). In each of

the remaining cases, an atomic Mass charged with

actual specific energies (*nnrcm*j) disintegrates and

emanates, and thus evolves a form of subtile matter

(a kind of Tanm&tra) under the action of Energy, and

always in the same menstruum or surrounding medium
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—that of Bhtitddi, the super-subtile. Each kind of

subtile matter becomes charged with a new potential in

addition to the potentials already evolved. The genesis

of an atom, a Bhiita-Paramdnu, is a quite different

process. Here the unit-potential (Tanm&tra) receives

an accretion of Mass, and by a sort of condensation and

collocation evolves an atom (Bhuta-Param&nu).

The genesis and structure of the Tanmdtras and the

Bhiita-Param&nus are worked out below :

—

1. The super-subtile inviduated Mass (rudiment-

matter, Bhut&di), under the action of the

original Energy (xm) disintegrates and emanates

(faf^) in the menstruum or surrounding medium

(otttot) of Mahat cosmic super-subtile Mass,

and evolves a form of subtile matter (w*mr), which

becomes charged with the sound - potential

(vibration-potential, ^n?), and is called the

unit of sound-potential (jRjrwmc).

2. This subtile matter, the Mass, charged with

sound-potential, receives an accretion of Mass

from the rudiment-matter (Bhut&di), and by

condensation and collocation evolves the Ak&$a

Bhiita, the atomic Ak&sa, the proto-atom

charged with the specific Energy of the sound-

stimulus (actual vibratory motion). (* *gwrflj:

on the Vishnu Pur&na passage, Sutra 14,

Pada IV.)

3. This proto-atom, the atomic AkAsa, charged with

its actual specific Energy, again disintegrates and
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emanates, under the action of the original

Energy and in the menstruum of the rudiment-

matter (super-subtile Mass), and thus evolves

another kind of subtile matter (Tanm&tra) which

becomes charged with the touch-potential (the

potential of impact or mechanical pressure

—

TOTftnw, <UMJl1<£i4) in addition to the sound-

potential (vibration-potential—irffcw^) and is

called the unit of touch-potential (*q$iP*ra).

4. Next, this subtile matter, the Mass charged with

touch- (and sound-) potential, i.e. with the

potentials of vibration and impact, receives an

accretion of Mass again from the rudiment-

matter (Bhiit&di), and by condensation and

collocation evolves the V&yu Bhuta, a kind of

gaseous matter or air of which the atoms are

charged with the actual specific energy of the

touch-stimulus, i.e., with actual energy of impact in

addition to the actual energy of vibratory motion.

5. Next, the atom of V&yu, so charged with the

actual specific energy of impact and vibration,

again disintegrates and emanates, under the

action of the original Energy, and in the same

menstruum or surrounding medium of the

rudiment-matter (super-subtile Mass—Bhut&di),

and thus evolves another kind of subtile matter

(Tanm&tra), which becomes charged with the

heat-potential heat-and-light poten-

tial) in addition to the impact-potential and the

vibration-potential, and is called the unit of

colour-potential (^nr*mr).
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6. Now this subtile matter, this radiant matter,

charged with light-and-heat potential, and also

with impact- and vibration-potential, receives an

accretion of Mass again from the rudiment-

matter (Bhiitddi), and by condensation and

collocation evolves th§ Tejas Bhiita, the light-

and-heat corpuscle, which is charged with the

specific Energy of the colour-stimulus, i.e.

radiates actual heat and light (ftrftroir) in

addition to manifesting the energy of impact

(impingency) and of vibration (or oscillation).

7. Next, this atom or light-and-heat corpuscle

disintegrates, and emanates as before a form of

subtile matter charged with the taste-potential

Ocsip»it*), in addition to the three potentials

already generated, and also with the physical

potential of viscous attraction.

8. This subtile matter charged with the taste-

potential and with the potential of viscous

attraction condenses, and collocates as before

into the water-atom, which manifests the actual

specific energies of viscous attraction and the

taste-stimulus.

9. The viscous water-atom charged with the actual

specific energy of the taste-stimulus disinte-

grates, and emanates as before a form of subtile

matter charged with the smell-potential in

addition to the four potentials already generated

and also with the potential of cohesive attraction.

10. This subtile matter charged with the smell-

potential and with the potential of cohesive
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attraction condenses, and collocates as before

into the earth-atom, which manifests the actual

specific energies of cohesive attraction and the

smell-stimulus.

Vijndna-bhikshu, in the Yoga-Vartika, briefly sum-

marises the Vishnu Purarca process as follows :

—

Bhutddi as radicle in conjunction with Mahat

produces the sound-potential, which as radicle in

conjunction with Bhut&di produces Akdsa, which as

radicle in conjunction with Bhutddi produces the touch-

potential, which as radicle in conjunction with Bhiit&di

produces V&yu, which as radicle in conjunction with

Bhut&di produces the colour-potential, which as radicle

in conjunction with Bhutddi produces Tejas, and

so on.

In this brief summary he does not bring out the

force of Oi$iuu: (the disintegrating process) and the

distinction between the genesis of subtile and gross

matter (Tanm&tra and Bhuta).

jr^n* j^rwrt ^nfip * wnyfl^ i

*n*Tsrej f%$tran sr^Nt* *rcrir * i

wssrara wr^ ^ry to? jpfft inn i ("ftrajjrmr)

II. A famous passage in Par&sara takes another

view of the genesis and structure of the Tanm&tras and

the Bhuta-Param&nus. Krishnap&da, in the grgpreftrerofr

represents the scheme as follows :

—

The Tanmdtras originate from one another in one

D
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linear series, and each Bhiita originates in a separate

line from its own Tanm&tra :

—

jl^flmi* Sound-Tanm&tra—as a radicle or centre

surrounded or encircled by Bhutddi

generates Ak&sa,—
J^jifl^n Touch-Tanm&tra—as a radicle or centre

encircled by sound-Tanm&tra with

Ak&aa-atom as a help generates

Vdyu—

^nr*mr Colour-Tanm&tra— as a radicle or

centre encircled by touch-Tanm&tra

with V&yu-atom as a help generates

Tejas

—

*sir*iT* Taste-Tanm&tra—as a radicle or centre

encircled by colour-Tanm&tra with

Tejas-atom as a help generates

Ap-
n^ii<Km Smell-Tanmdtra—as a radicle or centre

encircled by taste-Tanm&tra with

Ap-atom as a help generates

Pnthivi.

The genesis of a Bhuta-Paramanu (atom) from the

subtile matter of a Tanm&tra is not here so simple as

in the view of the Vishnu Pur&na. The latter speaks

of condensation and collocation, but in the passage

under reference a Tanm&tra is supposed to act as a

radicle, as the centre of a system, surrounded or
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encircled by Tanm&tras of the immediately higher order

in the medium of their own Bhiita.

Thus an atom ofAkdsa has the following structure :

—

Prakrtti—Mahat

Prakriti—Mahat

An Atom of Ak1«a.

Sb = 6abda-Tanmatra (vibration-potential).

Bh = BMtadi.

An atom of V&yu is constituted as follows (this takes

place within the surrounding medium of Ak&sa) :

—

Akata

Aka«a

An Atom op VIyu.

Sp = Sparsa-Tanmatra (impact-potential).

Sb = &abda-Tanmatra (vibration-potential).

D 2
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An atom of Tejas (heat-and-light corpuscle) has

the following structure :

—

Vayu

Vayu

An Atom op Tejas.

Rp = Rtfpa-Tanmatra (light-potential).

Sp = Sparaa-Tanmatra (impact-potential).

and so on.

A chemist will be disposed to push his chemical

processes into the region of subtile matter. He may
translate *nror as a menstruum, and t^nn* as a

catalytic agent In this case an atom of V&yu will be

considered as generated from the impact-Tanm&tra as

a radicle, in the menstruum of vibration-Tanmdtra,

with Akfoa-atoms as a catalytic agent.

w*rt nr.—*ttt$: ?i«<fl*Hii! srnrir, 3i«<d*nnl WTfifn^ftftr,

smrir—and so on. *rt wr. wwfamw sumf^ i quugfrf,

dgmwm (ufarmmi) i

A slight variation of the above view is ascribed to

a certain school of Ved&ntists in the dfufrt^mu .
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The scheme may be represented as follows :

—

A Bhuta-atom is evolved by integration (condensa-

tion and collocation, gggrowrcq) from the corresponding

Tanmdtra (subtile matter). This is the same view as

that of the Vishnu Pur&na.

The Tanm&tras again evolve from one another in a

lineal series, as in Par&sara's view. But the process of

this generation is somewhat more complex. A Tanm&tra

first disintegrates and emanates in a surrounding medium

(a menstruum) of the Tanm&tra just preceding it in the

order of genesis, and, with the help of its own Sthiila

Bhiita as a sort of catalytic, generates the Tanm&tra

next in order
;

e.g., the infra-atomic impact-particles

(<4$fl'JUj) disintegrate or emanate, in a surrounding

" atmosphere " of the vibratory subtile matter (;i«<a«J4I*),

and then, with the help of their own atomic integration

V&yu, gas, generate the Tanm&tra next in order, the

subtile matter of radiant light-and-heat (inn).

III. Patafijali's view, as expounded in the vnrorar

and qfrrerfiNr, is as follows :

—

(a) The order of genesis of various forms of subtile

matter (potentials) :

—

(1) Bhiitddi, the rudiment-matter, original Mass,

acted on by Eajas (Energy) produces the sound-

potential (vibration-potential), n^M im^^gTrret

^nrnftiPT^ mmtin: «g« iO*nPH i

(2) This subtile vibration-potential, as a radicle,

with accretion of rudiment-matter (Bhiitddi),

condensing and collocating, and acted on by

Rajas, generates the subtile touch-potential
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(impact-potential), which is impingent as well as

vibratory (oscillating).

(3) This subtile impact-potential, again, as a radicle,

with accretion of rudiment-matter (Bhiitddi),

condensing and collocating, and acted on by

Rajas, generates the subtile light - and - heat

potential (cnnura) which radiates light and heat,

in addition to being impingent and vibratory.

(4) Next, the light-and-heat potential, as a radicle,

with accretion of rudiment-matter (Bhiit&di),

condensing and collocating as before, generates

the subtile taste-potential, which is charged with

the potential of the taste-energy and of viscous

attraction, in addition to being vibratory,

impingent, and radiant

(5) Lastly, the subtile taste-potential as a radicle,

with accretion of rudiment-matter as before,

condensing and collocating, generates the subtile

smell-potential, which is charged with the

potential of the smell-energy, and also of

cohesive attraction, in addition to being

vibratory, impingent, and radiant. '

(b) The order of genesis of the Bhtita-Param&nus

(forms of atomic matter).

The five classes of atoms are generated as follows :

—

(1) The sound-potential, subtile matter, with accre-

tion of rudiment-matter (Bhut&di), generates the

Ak&sa-atom.

(2) The touch-potentials combine with the vibratory

particles (sound-potential) to generate the V&yu-

atom.
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(3) The light-and-heat potentials combine with

touch-potentials and sound-potentials (i.e. with

impact particles and vibratory particles) to

produce the Tejas-atom.

(4) The taste-potentials combine with light-and-

heat potentials, touch-potentials, and sound-

potentials (i.e. with radiant, impingent, and

vibratory particles) to generate the Ap-atom ; and

(5) The smell-potentials combine with the preceding

potentials (i.e. with particles of taste-energy and

with radiant, impingent, and vibratory particles)

to generate the Earth-atom.

The Ak&sa-atom possesses penetrability, the V&yu-

atom impact or mechanical pressure, the Tejas-atom

radiant heat-and-light, the Ap-atom viscous attraction,

and the Earth-atom cohesive attraction.

Vijndna-bhikshu in one passage gives the following

scheme of the genesis of the Bhiitas :

—

A radicle of sound-potential with rudiment-matter

gives Ak&sa-atom (Bhiit&di), a radicle of touch-potential

with Ak&sa-atom gives Vdyu-atom, a radicle of light-

and-heat potential with V&yu-atom gives Tejas-atom,

a radicle of taste-potential with Tejas-atom gives Ap-

atom, and a radicle of smell-potential with Ap-atom

gives Earth-atom. On this view, an atom

of Akd*a= Bh(Sb)

of Vdyu= { Bh(Sb) } (Sp)

of Tejas = jBh(Sb)
}
(Sp) Rp

where Bh=*nnfi{, Sb=jr^?rarni, Sp=**i4to Kp=
W^, and so on.
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Bhutas and Paramdwus—Cosmo-genesis and its

successive stages :

—

The "five Bhiitas" stand for a classification of

substances on the basis of their generic properties,

resulting, as the S&nkhyas hold, from the structural

type of their constituent atoms—a classification more

physical than chemical, or properly speaking chemico-

physical, unlike the purely chemical classification of the

so-called elements of modern chemistry. A Param&wu,

again, is a type of atoms corresponding to each Bhiita

class, and indeed one and the same kind of Param&nu

may comprehend atoms of different masses, if only

these should agree in their structural type.

Cosmo-genesis : a Bird's-eye View.—Out of the all-

pervasive rudiment-matter (Bhut&di) appeared Ak&sa

(ether), first as a Tanm&tra (subtile matter) charged

with the potential energy of sound (vibration-potential),

and then as an atomic integration of a mono-Tanm&tric

structure (the Ak&sa-atom—vi*i9ir*g) also ubiquitous

and all-enveloping. In the next stage we find a new

kind of Tanm&tras, systems of the infra-atomic vibratory

particles, so arranged as to manifest a new form of

Energy, that of impact or mechanical pressure, and these

Tanm&tras (wfrnumftr) combining with the vibration-

potentials (AkAsa-Tanm&tra) produced a new kind of

atom, the di-Tanm&tric V&yu-atom, which by aggrega-

tion formed a gaseous envelope composed of impinging

(driving) vibratory particles (V&yu). Next appeared

the third class of Tanm&tras, infra-atomic systems of

the impinging vibratory particles, which by their

collocation developed a new form of Energy—the energy

Digitized byGoogle



THE ANCIENT HINDUS 41

of radiant heat-and-light. These Tanm&tras (%i|fl«ui*ita)

combining with the potentials (Tanm&tras) of vibration

and impact, produced a new kind of atom—the tri-

Tanm&tric Tejas-atom, the light-and-heat corpuscle,

which by aggregation enveloped the gaseous world in

huge flames. In the next stage we have the fourth

class of Tanmdtras, new and complex infra-atomic

systems of the radiant impinging vibratory particles,

which evolved the energy of viscous attraction, as well

as the potential energy concerned in the taste-stimulus.

These Tanm&tras
(um^h i Hu )

combining with the three

previous ones, gave rise to another class of atoms, the

tetra-Tanm&tric Ap-atom, and the flaming gases were

thus precipitated into cosmic masses of viscous fluid

matters (Ap). Finally appeared the fifth class of

Tanm&tras, infra-atomic systems of the viscous radiant

impinging vibratory particles which developed new

forms of Energy—the energy of cohesive attraction,

as well as the potential energy concerned in the

stimulus of smell. These Tanm&tras (jronnTHTftr)

uniting with the other four kinds of infra-atomic

subtile particles, formed another class of atoms, the

penta-Tanmdtric Earth-atom. Thus the viscous fluid

matters were condensed and transformed into the

Earth-Bhuta, comprising the majority of the so-called

elements of chemistry.

The Pur&nas, in their own fanciful way, conceive

that, in the course of cosmic evolution, each succeeding

Bhiita appeared within an outer envelope of its

immediate predecessor, with a total mass (or volume ?)

a tenth less than that of the latter.
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fa^-vwflnv, Slokas 72, 81, and 82.)

Examples of the different Bhiitas :

—

1. Ak&ssL. This is ubiquitous.

2. V&yu. Various substances composed of di-

Tanmdtric atoms—kinds of V&yu—must have

been formed in the gaseous envelope, in the

second stage of cosmic evolution, out of the

proto-atoms of Ak&sa ; but they have either

suffered a fresh transformation into substances

of a more complex atomic structure, or have

dissipated into the mono-Tanm&tric Ak&sa, out

of which they took their rise. The one familiar

example now surviving is atmospheric air.

Water-vapour (*r*i) is but water (Ap), and

smoke, fumes, etc., but earth-particles in gaseous

diffusion.

3. Tejas. Various classes of Tejas-corpuscles —
substances with tri-Tanm&tric atomic structure,

i.e. two grades subtler than the ordinary elements

of chemistry (which are of a penta-Tanmatric

structure)—are even now known (ibft ^hnf^^f

wjftnl i rfN flp* *nrot—wwcgftr, mwh ih)-

First, there is fire, or the light and heat emitted by

the burning log of wood or lamp (wfhn-^hr.-^N inn).
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Now it is important to note that the flame of a burning

log of wood (^Pr) or of an oil-lamp is not pure Tejas, a

pure mass of light-and-heat corpuscles. There is chemical

union with Earth-particles (particles of the hard penta-

Tanmatric substance) acted on by Energy ; and then the

Tejas-corpuscles, light-and-heat particles which are latent

(absorbed) therein, come forth as flame
( mffrqlMgwr

n^g'inii^ n*iti; Mlfitf&qffl—f^HTftf^, Sutra 110,

Chap. V.). Then there is the light of the sun and the

stars (fi^t *N WTffonffr) which are flaming masses of

molten viscous matters (ngwnn^ inn fij*t irw ^iP<—
UTOn^i, nP^muuj) or of molten earthy matters

( qftuflPn

Sutra 13, Chap. III.). There is also the lightning, which

liberates a kind of Tejas latent in the aqueous particles

and vapours, under the action of Energy, in the same

way as an ordinary fire liberates the Tejas latent in the

wood or other fuel. Next there are the stores of animal

heat derived from the break-up of the nutritive material

(wfr^l). Lastly there comes the peculiar form of the

Tejas Energy (radiant Energy) 3tored up in the metalli-

ferous ores and igneous rocks which have been formed

in the subterranean heat. Here earthy matters are

mixed up, but the radiant Energy predominates in the

composition of the metals (1mhm1\hmh iNnnfipn gqrihyfrrl

—

f%*nrfii^, um«Hm , Sutra 19, Chap. III.). Aniruddha,

a late Sankhya commentator, notes in reference to

"igneous bodies" that the greater part of their mass

is derived from the Earth Bhiita, though the Tejas

particles determine the peculiar chemical combination

which produces them ; and this must also be his view
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of the composition of the metals (w* vfti (fbnr jrtfr

Sutra 112, Chap. V.).

4. Ap. This viscous fluid of a tetra-Tanmatric

structure has but one pure example, viz., water,

though the various organic acids, the juices of

fruits and the saps of plants, are supposed to be

transformations of watery radicles combined with

different kinds of earthy accretions.

5. Lastly, the Earth Bhiita, the hard full-formed

matter, with its penta-Tanm&tric atoms, com-

prises by far the majority of the so-called

chemical elements.

The question is,—how does one and the same Bhiita,

of the same formal structure, comprise different kinds

of elements, with different atomic masses and different

characteristic properties ? And the answer is not far to

seek. The properties of a thing are only the energies

that are manifested in the particular collocations of the

three Gunas—Mass, Energy, and Essence; and a tri-

Tanm&tric or a penta-Tanm&tric atom, i.e. an atom

composed of three or five kinds of Tanm&tras, may
differ from another of the same class in respect of

the number of constituent Tanm&tras of any particular

kind, as also of their collocation or grouping, and

therefore in mass as well as in generic and specific

characters.

The S&nkhya-P&tanjala conceives the properties (or

energies) of substances to result from the grouping or

the quanta of the Tanm&tras, or the Gunas themselves,
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and hence any radical differences in substances of the

same Bhuta class must characterise their atoms,

though in an infra-sensible form. In the Nydya-

Vaiseshika, on the other hand, the atoms of the same

Bhuta class are alike in themselves, homogeneous;

and the variety of substances comprehended under

the same Bhiita is ascribed merely to the different

arrangements or groupings of the atoms («r?) and

not of their components, for components they have

none.

As a typical and familiar instance of the variety

of characteristic properties (or energies) that may result

from variations in accompaniment or grouping, the

S&nkhya-P&tanjala points to the various kinds of fruit

acids and juices, all originating from one and the same

Bhuta (water) with different accretions of earthy matters

(^ftwncn). In the same way, though we speak of only

five classes of Tanm&tras and atoms, the infinite variety

of the world results from the infinitely varied collo-

cations of the three original Gunas which underlie

Tanm£tra and atom alike. (twiuiUJUil HM«fr«nm«i: #*nn

quuJgPiPif—amwTffry, xtitwwti reporting the Sdftkhya

view. *»*)<iftuN*w #snr: quiglXto— Sutra 44,

Pada III. mm$: *mraftfjren»n ^yrftiiT^pn^Tynn «yw
Sutra 44, Pada IV. qtanrreftgin vftftro jrffcw

vwh

—

ibid., Sutra 14, Pada III. wjjpmft tor-
f^^TWT i**tt—ibid., Sutra 14, Pada III.)
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(*nwifir—^t*pft—on K&riki 16.)

If we take a unit of rudiment-matter (Bhut&di) for

the unit of mass (cf. the mass of an electron with a

charge of motion, etc.), and represent the first TanmAtra

by ti such units, and if further tj, t*, t4 , t6 units of mass

(Bhut&di) be successively added at each accretion to

form a fresh Tanm&tra, then the second, third, fourth,

and fifth Tanm&tras will respectively contain tx + tg,

ti + ts+ ts, t1+ t2 + ts+ t4 , and t1+ t2+ t8+t4+ t5 units

of mass.

Also the Vriyu-atom (bi-Tanm&tric system) will

contain tx + (tx + t^), i.e. 2tx + t2 units of mass ; the

Tejas-atom (tri-Tanm&tric system) will contain tx +
(ti+ tjJ+^+ ^+t,), i.e. 3t1+ 2t2+ t8 units; the Ap-

atom (tetra-Tanm&tric system) t1+ (t1+ t2 ) + (t1+ t2+ ts)

+ (ti + U + ts + t4), i.e. 4ta + 3tg + 2ts + t4 units

;

and the Earth-atom (penta-Tanm&tric system) tx +
(tx+ t,)-!- +(ti+ tl+ t1+ t4 + t5), i.e. Stx+ ^+Sts
+ 2t4 + t6 units.

If t units of mass be added to the first Tanmatra to

form the atom of Ak&sa, the latter will contain tx + t

units of mass.

In other words, the numbers representing the mass-

units (Tamas) in the different classes of atoms (gross

matter) will form an ascending series, viz. tx+ 1, 2tj+ tt,

3tx + 2t* + ts, 4tx + 3t, + 2ts + t4 , and 5tx + 4^ +
3ts + 2t4 + t6 .

Now if a follower of the S&nkhya-P&taiijala were
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asked to account for differences among Param&nus of

the same Bhuta class, he would perhaps suppose tj to

vary from ax to fiu U from to /J2, ts from as to

t4 from a4 to fa, and t6 from a6 to j86.

Therefore the mass-units contained in the Vriyu-

atoms of the different possible Vriyu substances would

be represented by 2ax+ t, 2ax+l + t, 2ax+2+ t,

2&+ t, in A. P. with unity as common difference,

there being 2(/3l— a1) + 1 possible V&yu substances.

The mass-units contained in the Tejas-atoms of the

different possible Tejas substances would be represented

by the series 3a8+2at+a8 ,
3a1+ 2at+a8+ 1,

3/31+ 2f}t+ fiz ,
increasing in A. P. by unity as common

difference, there being 3(A-a8)+ 2(/^a2)+(&-as )+

1

Tejas substances possible.

The mass-units contained in the Ap-atoms of the

different possible Ap substances would form the series

4a1+ 3a2 + 2a, + a4,
4ax + 3aj + 2og + a4 + 1,

4&+ 3&+2&+A, there being 4(&-al)+ S(fo-a*)+
2(&— <*s)+ (&— a<)+ 1 Ap substances possible.

The mass-units contained in the Earth-atoms of

the different possible Earth substances would form the

series in A. P., 5a1+ 4a2+3as+ 2a4+ a6 ,
5a1+ 4a2+ 3a8

+ 2a4+ 05+l, 5A + 4& + 3& + 2& + &, there

being 5(A - ax) + 4(A - a,) + 3()S8 - as) + 2(&-a4)+
— a6)+l Earth substances possible.

Size (iift*ra).—As to size or volume, the Sdnkhya

accepts only two kinds—the infinitesimal, which is also

without parts —ftrcrnpr)* and the non-infinitesimal,

which consists of parts — The latter varies

from the excessively small (the so-called Anus, Tan-
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m&tras, and Paramdnus) to the indefinitely great

(*re*nr^—f*rg,

—

e.g. Ak&sa).

The Gu/zas alone are infinitesimal, with the exception

of those ubiquitous ones that evolve into Ak&sa-atoms

and Mind-stuff
(qm igiuu , and ^rarCTsr) ; all the rest of

the evolved products (whether subtile or gross matter)

are non-infinitesimal.

Vijn&na-bhikshu notes that all the Gurcas (Reals)

cannot be ubiquitous. If this were the case, that

disturbance of equilibrium, that unequal aggregation

with unequal stress and strain with which cosmic

evolution begins, would be impossible. The Gunas,

which give rise to Ak&sa and Mind-stuff, must be held

to be ubiquitous, and this will suffice for the ubiquity

of Prakn'ti. (^ * toj^H {jqwmyi: ftymrw^ ^fir

ftrgw *fir nniM(V4um^jH|lH4liftii i ti4lHei i^
—qfrmfNr, Sutra 51,

Pada III.)

Chemical Analysis and Synthesis—Elements and

Compounds.—What, then, is the equivalent in the

S&nkhya-P&tanjala of the distinction between a chemical

element and a chemical compound, or is there none ?

Did or did not this physical analysis and classi-

fication of things lead on to a classification based

on chemical analysis and chemical synthesis ? These

are questions of singular interest, the answer to

which will disclose some new points of view from

which the ancient Hindu thinkers approached the

problems.

Aggregates (*f^T:) may, in regard to their structure,

be divided into two classes : (1) those of which the

Digitized byGoogle



THE ANCIENT HINDUS 49

parts are in intimate union and fusion, being lost in

the whole (njjdftumqi : *S?n), and (2) mechanical

aggregates, or collocations of distinct and independent

parts
(«)d(V»nqm i : *$*t:).

A substance is an aggregate of the former kind, and

may be divided into two classes : (l) the Bhutas and

their " isomeric " modifications (fir, and $wftr*rc),

and (2) chemical compounds (ftP<$ii(«i, tffTi^rjrr^).

Chemical compounds, again, may be subdivided into

two classes : (1) those composed of atoms of the same

Bhuta class, i.e. of different isomeric modifications of

the same Bhuta, and (2) those composed of atoms

of different Bhuta classes. In the first case, there

is contact between "isomeric" atoms (qqifllq-jhftn),

in the second case between heterogeneous atoms

(f%irnrt*MhifoT). The first contact leads to intimate union

far*—*wrw t. jWfrrftnjhr. ig*mft fl<«ifl wftr

—

flf^nrfinj, u**«wi«i) : the isomeric atoms by a peculiar

liberation of Energy (*nmrNta*m—the action of similars

on similars) are -attracted towards one another, and

being riveted, as it were, form the so-called material

cause (3mqH«K*g) of the compound product. The

second kind of contact (that between unlike atoms

of heterogeneous Bhutas) begins with a liberation of

Energy (twh), which breaks up each of the Bhutas

;

and taking particles (or atoms) of one as nuclei or

radicles, groups particles of the rest round these radicles

in a comparatively free or unattached condition. In

this case, one Bhuta, that which serves to furnish the

radicles, not necessarily that which is numerically or

quantitatively predominant, gets the name of material

E
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cause (TO?m*rar), and the others, which by their

collocation cause the liberation of Energy (tto, w^f,
or flnrm), are called efficient causes

(ftrftnnmir)

—

irafcifar—*roqfir, ifhj^ on K&rikd 16). The illustrations

given (viz. the Rasas as modifications of Ap, water,

with Earth-accretions) show that this process applies

not only to the Gunas, but also to the Bhiitas. (w

on K&rikd 17. m vfti (ibrir ^rrtr vfti) wyrenflNrcircr-

wm^, wotw * wyoftim^—^cftTOr on Sutra 112, Chap. V.

n i flHnfJlm nwn^iHi^ gT*rcrhnrevre ^R^tfti ifeh *mfi

sj^flMu-H wnr* ^nftcr i—ftr*T*rf*^, m*«Hm i)

Aniruddha goes so far as to hold that both " isomeric
"

and " heterogenic " combinations are real cases of consti-

tutive contact. (mw«*NX e.g. ^ftigqiiflfoKW**^—
wftr^l on Sutra 113, Chap. V.). But in the later

Sinkhya-Patafijala the current teaching denied this

—

w^ i^m^m i^m^ (Sutra 102, Chap. V.), where fir*nrfof

notes—wf<tf fWwunft^Rt ^Im i^h^ * jwfaf* Mmn\wi\m$w\t

But besides these transformations of substance

Cj^rFWT-^Asrro) by " isomeric " or " heterogenic " process,

ceaseless changes go on in the characters, the modality,

and the states of substances—changes which are due to

the unequal distribution of force (or of stress and strain

—pressure) among the Gunas, which are in themselves

constant. (v*gni*nTOmift3nm: * gqrreror.—w twt

Sutra 13, Pada III.)
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" Even as the same figure ' 1
' stands for a hundred

in the place of hundred, for ten in the place of ten, and

for a unit in the place of unit."
1

Now the question is—in these mixed substances

does the fusion take place by Paramdnus or by larger

masses (or lumps) ? Now a Param&nu is defined to be

the smallest portion of any substance which exhibits

the characteristic qualities of that substance ; in other

words, it stands for the smallest homogeneous portion

of any substance. It is not without parts, and there-

* This conclusively proves that the decimal notation was familiar

to the Hindus when the Vyasa-Bhashya was written, i.e. centuries

before the first appearance of the notation in the writings of the

Arabs or the Greco-Syrian intermediaries. Vachaspati, who com-

ments on the Yyasa-Bhashya, composed his Nyaya-Suchi-Nibandha

in J^l'JU*^, i.e. Samvat 898 or 842 a.d. This cannot be

&aka 898, for apart from the decisive use of which by this

time had come to signify the Samvat era, Vachaspati's commentator,

TJdayana, wrote the Lakshanavalf in &aka 906

—

and TJdayana, who wrote the Famuddhi on the Tatparyyatika of

Vachaspati, could not have been a contemporary of the latter, as

will also appear from the invocation to Sarasvati in the opening

lines of the Paruuddhi. Yachaspati, then, preceded TJdayana by

142 years, and must have been himself preceded by the author of

the Vyasa-Bhashya by a longer interval still, for Yachaspati

ascribes the Bhashya to Veda-Vyasa himself *rrfvir *rn&

fqniHjii). The internal evidence also points to the con-

clusion that the Bhashya cannot have been composed later than

the sixth century—r/. the quotations from Fanchankha, Var-

shaganya, and the Shashthi-Tantra-Sastra, without a single

reference to l*vara-KWshna—which is decisive. I may add that

I remember to have come across passages of a similar import in

Buddhist and other writings of a still earlier date.

E 2

Digitized byGoogle



52 THE POSITIVE SCIENCES OF

fore not indivisible. It is subject to disintegration.

In a Bhuta or its isomeric modification, the Paramdnu,

the smallest homogeneous component particle, is un-

mixed, and therefore corresponds to the atom of modern

chemistry. In a mixed substance (firf^nr^r, ^ipjwt^),

whether it be an " isomeric " or a heterogenic compound,

the qualities are due to the mixture, and therefore its

Paramdnu (usually called Arambhaka Paramdnu), the

smallest homogeneous particle possessing its charac-

teristic qualities, must result from the mixture of the

Paramdnus (in smaller or larger numbers as the case may

be) of the component substances. In the Sankhya view,

then, the Paramdnu of a mixed substance (Arambhaka

Paramdnu) corresponds to what we now call molecule.

tiwUiKq)—Sutra 52, Pada III. gyngftfynn ^ ftfrr*n* i

finn5rohr i—flrorofinj, huhhii , Sutra 88, Chap. V.)

That the Paramdnus may form binary molecules

(jB^f) in forming substances, is acknowledged by the

Sdnkhyas, as will appear from Gaurfapdda : inn

tnqforrenirq ipjpro^pin i (*tHtts, on Karikd 12). Even

the Vaiseshikas, with their prejudice against "poly-

Bhautic " or " heterogenic " combination, acknowledge

that in " poly-Bhautic " compounds the different Bhuta

substances unite by their Paramdnus (or atoms), though

they rigidly insist that in such cases only one atom

should be regarded as the " radicle " (w?jto or yMKm*
*tot) and the others as co-efficient causes (ftfftnnfTTW

—

ww*, e.g. imm^—v^ **p?i*g ^jf t^jttj **Tffwn-
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(wjrenjnpnf—where Sridhara notes xnf^T ^w^rt amw*n
and Udayana tinmrt m^hi^^ I M i l^qugqifigiMH

It was only in the mediaeval Sdnkhya-Pdtanjala

that under the influence of the Ny&ya-Vaiseshika

doctrine a radical difference was conceived to exist

between the structure (or constitution) of a molecule

composed of " isomeric " atoms, and that of one com-

posed of heterogeneous atoms. In the former case

there was believed to take place intimate union (*l0,

in the latter case only a grouping of comparatively

free or loosely attached atoms round a radicle atom

(*jnpr)> with liberation of Energy (tto**, or

fkw**) and the setting up of unequal stress and strain

(gqfaqftnl—f^rcysi?). At the same time it was of

course admitted that this distinction does not apply

to the forms of subtile matter (Tanradtra—^poraw)

which could unite in intimate fusion, whether homo-

geneous or heterogeneous. For example, the subtile

body (^JHli) which is supposed to be the seat or

vehicle of the conscious principle is acknowledged by

Vijn&na-bhikshu to be penta-Bhautic
(miHH iw*) ; in

other words, all the five Tanm&tras serve as material

causes, though the gross body (the animal organism)

is stated to be only a " heterogenic " compound with

the Earth Bhiita as radicle or base. (v(\|8m;kK *

Sutras 11 and 12, Chap. III. ^?H~U
mf*rt*w vmfH * «?nftf gqgmo i P^—ibid., Sutra 19,

Chap. III.)
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But in the original S&nkhya-P&tanjala it appears

that the production of a new substance by mixture of

unlike Bhiitas (flwuiliuljftji) was conceded as freely as

in the Ved&nta, and was conceived as in nowise differing

from the formation of a compound of atoms of the

same Bhiita class. The Sankhya analysis of all change

into transformations of Energy due to collocations of

unchanging Gunas, in other words the prevailing

chemico-physical (or physical) point of view, naturally

recognises no distinction between collocations of

" isomeric " and those of heterogeneous atoms. At

bottom they are all collocations of the Gunas. Even

Vijn&na-bhikshu, who, as one of the latest expounders

of the Sdnkhya-P&tanjala, has been most affected by

the Vaiseshika prejudice against " poly-Bhautic " com-

bination (flnrnrfcdhfor), urges that the qualities of a

compound substance are not necessarily the result of

similar qualities in the component elements, (*nnifa-

<h^iwi<ii ^ftrjintf (infihrnnt) *rfti * finro:

Elsewhere he explains that, so far from the vital activity

being independent, it is originated and maintained by

the combined operation or fusion of the different sensory

and motor reflexes of the living organism, and notes

that the united operation of mixed (or miscellaneous)

causes, where there is a fit collocation of matter, offers

no difficulty to a follower of the Sankhya-Pdtanjala.

(nTflrcfTggfcgi HWIIHljiHHIl^ «IHlfl*H<q*n5 *fir

wmqi ^ft^qMi^H wnrtl •nftcr—inwm, Sutra 32, Chap. II.)

In the middle of the ninth century we find Vichaspati

instancing some " heterogenic " or " poly-Bhautic

"

compositions as typical examples of evolutionary change
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faftwm) and unhesitatingly accepting the substantive

character of the products. In the Kaumudi he describes

the various acids and juices of fruits as modifications

of the same original water in the presence of different

kinds of earthy accretions. The process is peculiar. The

water-particle (or atom) serves as a radicle or centre of

a system, and the different kinds of the Earth-Bhuta

centering round this as a nucleus become the seat of

forces, which bring in the development of new

energies (and new qualities, e.g. tastes) in the water.

qftgnw^ jwtnfar i—*tg*t on KArikd 16.) V&chaspati

also points out that different substances may be trans-

formed into one and the same substance (e.g. the

production of salt by the cow, the horse, the buffalo,

and the elephant, thrown into the salt-factory of

Sambara in Bajputana, or of the flame of a candle by

the combination of wick, oil, and fire). (m(Vqi^«i4 w|«Trofti

gygw^inTft^r^n Tfftsrro:, ^Pft^ i*f^Mt * wfhi ^flr i
—

fljriymfl on Pada IV., Sutra 14.)

Earlier still, i.e. not later than the sixth century,

the Vy&sa-Bhdshya, noting that inorganic matter,

vegetable substances, and animal substances do not

differ from one another essentially in respect of their

potential energies and ultimate constituents, points

out that various bi-Bhautic chemical compounds of

water and earth substances, in the shape of saps, acids,

and juices, are found in plants in their different parts
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(wgpjRfc qiftanftc* ntTftfore** wmg fi^). In other

words, bi-Bhautic compounds are here placed in the

same category as compounds of substances of the

same Bhiita class, for here the particles of both the

Bhiitas are regarded as forming the matter (material

cause

—

4MI<;m4K<o) of the smallest homogeneous portions

of the compound substances.

N.B.—VAchaspati naturally interprets this to mean

separate modifications of the two Bhiitas.

The view of the earlier Sankhyas, that atoms of

different Bhiitas may chemically combine to form

molecules of compound substances as much as atoms

of different modes of the same Bhuta, comes out clearly

in Utpala's brief reference to the SAnkhya system in

his commentary on Var&hamihira's Vnhat Sawhita.

yOiifo i TO qw^fTfiRRTfti yikite—Utpala, Chap. I.,

&loka7.)

Chemistry in the Medical Schools of Ancient

India.

As a matter of fact, long before the fifth century,

probably as early as the first century A.D., the pre-

vailing schools of medicine and surgery which were

based on the Sankhya teaching with a methodology

derived from the Nyaya-Vaiseshika doctrine (cf. Charaka,

Sarirasthana, Chap. I.
;
Vim&nasthana, Chap. VIII. ; also

Sumita, Sari'rasthana, Chap. I.) had founded an elaborate

theory of inorganic aud organic compounds, which

equally admitted iso-Bhautic and hetero-Bhautic com-
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binations. Like the Ved&ntists, Charaka held that

each of the gross Bhutas (Mahdbhutas) is a peculiar

ultra-chemical compound of five original subtile Bhutas.

In this sense, every substance is penta-Bhautic, but for

purposes of chemical analysis and synthesis, i.e. considered

with reference to the MahAbhutas, all substances in

their chemical constitution belong to one or other of

the following classes : mono-Bhautic, bi-Bhautic, tri-

Bhautic, tetra-Bhautic, and penta-Bhautic. Compounds

of different Bhutas, again, may combine to form more

complex substances, and these in their turn higher

compounds still, and so on in progressive transformation,

as is more specially the case with organic substances

and products.

Physical Characters of the Bhutas.—The prevailing

physical characters of the different Bhutas and their

isomeric modes are enumerated as follows :

—

Earth substances : Heavy, rough, hard, inert, dense,

opaque, exciting the sense of

smell.

Ap substances : Liquid, viscous, cold, soft,

slippery, fluid, exciting the

sense of taste.

Tejas substances : Hot, penetrative, subtle, light,

dry, clear, rarefied, and

luminous.

Vdyu substances : Light, cold, dry, transparent,

rarefied, impingent.

Ak£$a substances : Imponderable (or light), rarefied,

elastic, capable of sound

(vibrations).
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ftM mjiIinn^'jJ^^P^mg^Rjsn P«i wnmftr i switHht^jpr?-

Charaka, ^drirasthdna, Chap. XXVI. ; compare Susruta,

Siitrasth&na, Chap. XLL
Charaka points out that the primary qualities or

specific physical characters of the five Bhiitas are tactile

qualities, i.e. sensible to touch, e.g. hardness (or rough-

ness) for Earth, liquidity (or yielding to pressure) for

Ap, impelling or moving force (pressure) for Vriyu, heat

for Tejas, and vacuum (non-resistance, penetrability)

for Akdsa.

«Kft^<jfluM wi*ifa*iwii^»

(Charaka, S&rfrasth&na, Chap. I.)

(Cf. the elaborate enumeration of physical characters

quoted in Vijn&na-bhikshu, Yoga-V&rtika, Sutra 42,

Fada I. ; also Varavara's commentary on Tattva-traya,

Achit-prakarawa.

)

The Mahdbhutas—Mechanical Mixtures.—Susruta

notes that each of the gross Bhiitas (Mahdbhutas) is

found mixed up with the other Bhiitas

—

e.g., the MahA-

bhiita Ak&sa is the receptacle (or vehicle) of air, heat-

and-light, and water vapour ; the MahAbhuta Vriyu, of

water vapour, light-and-heat, and even fine particles of

earth held in suspension ; the Mahdbhiita Tejas, of

earth particles in the shape of smoke, and also water

vapour.
(n*qVq ijMfa fi PH uImw i Ph ftrfi^—Susruta,

&£n'rasth&na, Chap. I. i^i vnmn *rnnjir i ititv
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ynfi^fru wirftr i infrj^ qrrhwft \—Dalvana on Susruta,

loc. cit.)

Mono-Bhautic Earth substances :—Charaka and

Susruta regard the following as Earth substances

:

gold, the five Lohas (silver, copper, lead, iron, and

tin) and their " rust," arsenic, orpiment, various mineral

earths and salts, sand, precious stones. (Charaka,

Sutrasth&na, Chap. I. ; cf. also Susruta, SutrasthAna,

Chap. I. mP5l«n: ^^MAi<f)u^m«!:l>i^i^^iMi^^ii: i *prcter

^^^fa*^ i^ it^ i^^(X^i4ii%iHM^alHl— Dalvana on

Susruta, loc. cit.)

The salts include common salt, saltpetre, etc. Susruta

mentions the alkalis, borax, natron, Yavaksh&ra (carbonate

of potash), etc. The Audbhida salt, an inflorescence of

the soil, stands for reh (*rtfk$ ^j^raf *nm* Hftnn^ni^).

Of these Earth substances some were known to

be compounds, e.g. the chemical salts of the metals,

collyrium, etc. Susruta describes the preparation of

the metallic salts. The leaves of the metals were

pasted over with the salts, and then roasted (^n^fir,

Chikitsdsthdna, Chap. X.). These metallic salts are

therefore mono-Bhautic Earth compounds. Susruta

also gives the preparation of mild and caustic alkalis

(Sutrasthdna, Chap. XL).

Origin of precious stones.—Some hazarded the guess

that the precious stones are rocks (or earths) meta-

morphosed by natural process in the course of ages

(Vardhamihira—itftn^ ^pttot^ ^flt* w;»M<$Hi*t i

Utpala notes

—

un%M ff> unm « i<jnqKH i).
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Ap substances, simple and compound :

—

Susruta, following Charaka, enumerates various

classes of Ap substances ("5*5*1) as follows : waters,

acids, milks, curds, butters, oils (vegetable as well

as animal), fats, honeys, molasses, alcoholic liquors,

urines, etc.

Pure Ap (Mahdbhuta) is tasteless, and the six tastes

are developed when the Mah&bhuta Ap enters into

combination, mechanical or chemical, with other Mahd-

bhutas. Susruta notes that various kinds of Earths

are dissolved in the waters of different localities, and

where the particles so dissolved are predominantly

earthy, the water tastes acid or salt; where pre-

dominantly watery, the resulting taste is sweet ; where

the Earth-particles are mixed up with Tejas, the water

tastes pungent or bitter, etc. Such is the case with

mechanical mixtures. In the case of bi-Bhautic or tri-

Bhautic compounds Charaka mentions that substances

with Mah&bhuta Ap predominating in their composition

taste sweet ; with Mah&bhutas Earth and Tejas pre-

dominating, acid; with Mah&bhutas Ap and Tejas

predominating, salt ; with Mah&bhutas Y&yu and Tejas

predominating, pungent; with Mah&bhutas VAyu and

Akdsa predominating, bitter; and with Mahdbhutas

Vdyu and Earth predominating, astringent. (Charaka,

Sutrasthdna, Chap. XXVI. ; cf. Susruta, Sutrasthdna,

Chap. XLII.)

In fact, with the exception of Susruta's waters,

which are mechanical mixtures, or rather solutions, all

these Ap substances are organic products, and, as such,

penta-Bhautic, i.e. compounded of all the five Mahd-
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bhutas, and the particular " taste " which is developed

depends on the relative proportion of the Mahdbhutas

and the predominance of one or more of them in the

penta-Bhautic compound in question.

Qualities of Compounds.—The isomeric modes of

each MahAbhuta have specific colours, tastes, etc., due to

their structure, i.e. the arrangement of their atoms, and

the physico-chemical characters of compounds, whether

of the same or of different Mah&bhutas, result from the

collocation in unequal proportion of the different forces

latent in the atoms of the component substances.

Charaka adds that the varied forms (textures) and

colours of organic substances, whether vegetable or

animal, are derived in the same way. (*rowwt tsrot

Susruta ignores Charaka's distinction between

Mahdbhuta and subtile Bhiita, and views every sub-

stance as in reality penta-Bhautic, and it is only the

relative predominance of a particular Bhuta or

Bhutas in any substance that determines its class.

—Susruta, Sutrasth&na, Chap. XLI.)

Hie Extant Charaka and Su&ruta—Succession of

Medical Authorities.—The extant Charaka and Susruta,

the sources of our present information regarding the

progress of scientific knowledge in the medical schools

of ancient India, are both redactions of original

authorities. The extant Charaka is a redaction by

Dndhabala of the genuine Charaka Samhitd, which was
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itself a redaction by Charaka of the original work of

Agnivesa, the disciple of Atreya Punarvasu as dis-

tinguished from Krishnitreya and Bhikshu Atreya,

also well-known medical authorities. The extant

Susruta is a redaction by N&g&rjuna of an original

work (Vroddha Susruta) by Susruta, the disciple of

Dhanvantari. That Charaka preceded Susruta is

almost certain. N&g&rjuna was probably earlier than

Dridhabala. At any rate, Drtdhabala imported into

Charaka much of the surgical knowledge which had till

then been the traditional heritage of the Susruta

school. And in the matter of the surgical treatment of

certain diseases, the genuine Dridhabala is often as

advanced as Susruta's redacteur himself. The latter

was probably identical with the alchemist N&gdrjuna

(Siddha N&gArjuna), the metallurgist Ndgdrjuna (author

of a treatise on metallurgy, Lohas&stra), and the

Buddhist N&g&rjuna, author of the M&dhyamika-

sutravntti. Charaka and Susruta continued to receive

additions after Dndhabala and N&g&rjuna, and even

after V&gbhafo, but the whole of the extant Charaka is

probably much earlier than the commentator Chakrap&ni,

and the whole of the extant Susruta earlier than

Dalvana, the commentator, and Mddhava, the author of

Rugvinischaya. The extracts in V&gbhafa make it

certain that the passages I have quoted or shall quote

from the Sutrasth&na and 6drirasth£na of Charaka and

Susruta cannot be later than the sixth century of the

Christian era.

Preparation of Chemical Compounds. —The know-

ledge of chemical compounds and of their preparation
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continued to make progress in the Charaka and Susruta

schools. The great metallurgist, Patanjali, in his

treatise on Metallurgy (sft^Tw), gave elaborate directions

for many metallurgic and chemical processes, especially

the preparation of the metallic salts, alloys, and amal-

gams, and the extraction, purification, and assaying of

metals. Probably it was Patanjali who discovered the

use of the mixtures called Vidas, which contained aqua

regia or other mineral acids in potentia. Unfortunately

Patanjali's magnum opus appears to have been lost, but

extracts from it are frequently found in mediaeval works

on Medicine and Ras&yana which leave no doubt as to

its remarkable scientific value. The metallurgist N&g&r-

juna advanced the knowledge of chemical compounds

by his preparations of mercury. The Harshacharita, in

the seventh century, relates a fable concerning this

N&g&rjuna, and speaks of him as a friend and contem-

porary of Sdtav&hana. The relative priority of Patan-

jali and N&gdrjuna is a vexed question in the history

of metallurgy. That Ndg&rjuna's Lohasistra was earlier

than the final redaction of Patanjali will appear from

the following circumstances :—(1) Chakradatta in his

summary of Ndg&rjuna mentions that the chemical

process of testing pure iron must be repeated twice

before it can be regarded as decisive, whereas ^ivaddsa

Sen's extract from Patanjali shows that the latter

directed the process to be repeated seven times

;

(2) Patanjali in the Abhraka-vidhi (mica operation)

adds mercury, which in this particular operation is

wanting in N&g&rjuna's recipe (cf. Chakradatta, and

Patafljali as reported in the Yogaratndkara-samuch-
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chaya); and (3) N&girjuna is quoted in the earlier

compilations, Patafijali in the later.

Chemical Industries.—Early in the sixth century,

Var&hamihira in the VWhat Sarahitd gives several

preparations of cements or powders called Vajra-lepa,

"cements strong as the thunderbolt"; and there was

ample use for these in the temple architecture of the

Buddhist period, the remains of which bear testimony

to the adamantine strength of these metal or rock

cements. (w4ii4t»4q<£*1fcffHftu<iq **nft tjipjt

wfa^nprernrt I Chapter LVL, ibid.) Vardhamihira also

alludes to the experts in machinery (*rcrf*5:, *ri*t:)

and the professional experts in the composition of dyes

and cosmetics (uimm^foftq : Ch. XVI. , also Ch. XV.). I

would also refer to the interesting chapter on Perfumery

(Ch. LXXVI.) where Var&hamihira gives various recipes

for artificial imitations of natural flower-scents, as of the

essence of Vakula, Utpala, Champaka, Atimuktaka, etc.,

arranges compound scents in a sort of scale according

to the proportions of certain ground essences used in

their preparation, and determines by the mathematical

calculus of combination
(<jflg«iWK) the number of

variations of the different notes in this scale. To these

classes of professional experts were due three of the

great Indian discoveries in the chemical arts and manu-

factures which enabled India to command for more than

a thousand years the markets of the East as well as the

West and secured to her an easy and universally

recognised pre-eminence among the nations of the

world in manufactures and exports : (1) the preparation

of fast dyes for textile fabrics by the treatment of
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natural dyes like ManjishMd with alum itfton

4JJhP*m1) and other chemicals (e.g. sulphate of iron)

also cow-dung (cf. the " cow-dung substitute/' Roscoe)

;

(2) the extraction of the principle of indigotin from

the indigo plant by a process which, however crude, is

essentially an anticipation of modern chemical methods

;

and (3) the tempering of steel in a manner worthy of

advanced metallurgy, a process to which the mediaeval

world owed its Damascus swords. It was this applied

chemistry much more than handicraft skill which gave

India her premier position in the Middle Ages and

earlier (indeed from Pliny to Tavernier) in exports

and manufactures ; for in handicraft skill, as in

design and workmanship, great as were her merits,

India came to be surpassed by her disciples China and

Japan.

The Vdsavadattd and the Dasakum&ra Charita in

the sixth century allude to the preparation of a mass of

fixed or coagulated mercury (iK^ftwv* n^nnjTTfipf;

—

TOR^wt); a chemical powder, the inhalation of which

would bring on deep sleep or stupor (^»PJ^—^ryfTr^ftw)

;

a chemically prepared stick or wick for producing light

without fire (ifrnfJhn—^yn^fcir) ; and a powder

which, like anaesthetic drugs or curare, paralyses sensory

and motor organs 1
(wuiHMjJfaq ^flciwi-to^ht—

V)ftyi*4f(tyiiJUl—Darpana). Vnnda (circa 950 a.d.)

notices the preparation of sulphide of mercury (nroprjjft),

1 This last interpretation is doubtful ; but in any case the

familiar use of a technical term of alchemistry like Stambhana-

churnam (fixation-powder) shows that already in the sixth century

this branch of knowledge was widely cultivated.

F
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composed of one part of sulphur and half its weight of

mercury ; and also of cuprous sulphide (^finrm). Cha-

krap&ni (circa 1050 a.d.) mentions the preparation of

the black sulphide of mercury " by taking equal parts

of mercury and sulphur/'

The Rasdrwava (circa 1200 a.d.) notices the colours

of metallic flames, probably after Patanjali

—

e.g. copper

gives blue flame ; tin, pigeon-coloured ; lead, paje

;

iron, tawny ; blue vitriol, red. It may be noted that

the Ras&rnava regards mercury as a penta-Bhautic

substance.

The Rasaratna-samuchchaya divides the mineral

kingdom (Earth substances, simple and compound) into

the following classes: (1) The eight Rasas: mica,

pyrites, bitumen, blue vitriol, calamine, etc. (2) The

eight Uparasas (useful in operations of mercury)

:

sulphur, red ochre, green vitriol, alum, orpiment, realgar,

collyrium, and medicinal earth, to which may be

added the eight Sddhdrarza Rasas, sal-ammoniac, cowrie,

cinnabar, rock vermilion, etc. (3) The gems diamond,

emerald, sapphire, cat's-eye, sun-stone, moon-stone,

pearl, etc. (4) The metals gold, silver, iron, copper,

lead, tin, and the alloys brass and bell-metal. Other

Earth substances are six salts, three alkalis, mineral

earths, and several poisons.

Chemical Compositions and Decompositions—Metal-

lurgy Processes.—In these writings 1 we frequently

1 From Patanjali's and Nagarjuna's Lohaaastra (circa 300-500

a.d. t) downwards—(practically everything material in the enu-

meration that follows was discovered by the end of the sixth

century a.d.).
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come across instances of chemical composition and

decomposition by processes, more or less crude, of

calcination, distillation, sublimation, steaming, fixa-

tion, etc. (hw1*h<u, ^winnr, *4hmR, *topt, etc.),

e.g. the preparation of perchloride of mercury by taking

common salt and mercury (**ni$c—m<^4M ^WHm1*tiu

^P^*i#k:) ; of sulphide of mercury (f^$) by taking

sulphur and mercury ; of Sindiira from lead (ftn|t

^nnnw^—Amarakosha, sixth century a.d.) ; of the

medicinal compounds Svarnasindura and Rasasindura

with mercury, sulphur, and gold, where gold may have

been fancied to influence the resulting compound in

some mysterious way, either as a " dynamic " or as a

catalytic ; also the extraction by chemical decomposi-

tion of mercury from sulphide of mercury (f^J?) ; of

copper from sulphate of copper (gro, to^t) by heating

this substance with one-fourth of its weight of

borax (Rasaratna-samuchchaya,

—

cf. Bhdvaprakdsa, jrt

3 wrotwg fmf*\ wtto inrcfir) ; of zinc (**m, n*^) from

calamine ; of copper from pyrites (mftpr, ft^), etc.

(though the golden pyrites were supposed to be a

semi-metal of gold, containing some gold along with

the essence of copper) ; the purification of mercury by

repeated distillation from lead and tin with which it

was wont to be adulterated in the market. The various

metallurgic processes described are—extraction, puri-

fication, killing (formation of oxides, chlorides, and

oxy-chlorides for the most part), calcination, incinera-

tion, powdering, solution, distillation, precipitation,

rinsing (or washing), drying, steaming, melting, casting,

filing, etc., to all which each of the known minerals

F 2
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was successfully subjected by the use of apparatus and

reagents and the application of heat in different

measures (*rx*ra, wwn, and fjwt)—methods which,

if often crude, especially from the absence of inde-

pendent and isolated mineral acids, were yet in several

instances remarkably simple and effective, and which,

after all, by the use of various VieZas potentially con-

taining mineral acids (aqua regia, sulphuric acid, hydro-

chloric acid, etc.), virtually accomplished the practical

ends kept in view. To these were added several

special processes for mercury (e.g. fixation), bringing

up the number of mercurial operations to nineteen.

It may be noted that the mixtures called Vicfos,

which potentially contained dilute mineral acids, were

regularly employed not only in killing the metals

(forming their oxides and chlorides), but—what is of

fundamental importance—for purposes of chemical de-

composition of metallic salts, etc., and the extraction

and purification of metals.

Organic Compounds.—Organic compounds are either

vegetable or animal substances (wi<H far). The

molasses, the fermented liquors, the saps and juices of

plants, fruit acids, vegetable ashes and alkalis, together

with the tissues of plants, are vegetable compounds

(*tftpf, Fim Jjrjr). Honey, milk, curd, butter, fat, bile,

urine, and other excreta, together with the organs and

tissues of animals, are animal substances. Charaka

notices vegetable as well as animal oils. The viscous

(oily) substances are classed under four heads—butters,

oils, fats, and marrows (*flNN tot mtr irft *5TO5fihi:).

Salt may be either mineral or vegetable salt
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Susruta divides poisons into two classes—vegetable

and animal, but several poisons expressly termed mineral

poisons (vTjftr*) are included in the first class.

All organic substances, whether animal or vegetable,

are penta-Bhautic, being compounded of greater or less

proportions of the five Mah&bhutas.

Taking the human body, Charaka finds that the

foetus is composed of sixteen organic substances, viz.

four composing the sperm-cell which comes from the

male ; four composing the germ-cell which comes from

the female ; four added by the transformation of the

nutritive material ; and finally, four kinds of subtile

matter, which together form the vehicle of the conscious

principle. As to the four organic substances which

compose the sperm-cell, or the other four which compose

the germ-cell, it is not clear whether in Charaka's view

they are also in their turn compounded of less complex

organic substances, or whether their constituent elements

are inorganic penta-Bhautic compounds.

The tissues that appear in the course of develop-

ment of the foetus are further transformations (higher

compounds) of these foetal substances. All the com-

ponent substances of the body are penta-Bhautic com-

pounds, though sometimes they are assigned to the

particular Bhutas which predominate in their composi-

tion, e.g. bile to Tejas, lymph, chyle, blood, fat, urine,

sweat, and other secretions to Ap, and skin, flesh, bones,

nails, eta, to Earth. qi^ft^^wi^WOMi^^ i

—

^ et seq.—Charaka, &drfrasth&na, Chap. II., vide also

Charaka, &&rfrasth&na, Chap. VII., cf. Gangddhara's
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Jalpakalpataru. fqtf ipfoi 3HlouH*rtWiiVHM^iiPq* i-

Charaka, &&rirasth&na, Chap. IV., minnyftsft *w

Formation of Molecular Qualities in Chemical Com-

pounds.—The Charaka school, which we have seen was

an offshoot of the S&nkhya {cf. Charaka, Vim&nasth&na,

Chap. VIII.
, nrf&r. u«i;r«: mn *tm*nt wrT^wftrfir),

supplemented the above account of inorganic and

organic compounds with a characteristically S&nkhya

explanation of the formation of molecular qualities by

chemical combination. In Charaka's view, the colours,

tastes, etc., of the molecules of chemical compounds

result from the collocation in unequal proportion and

unstable equilibrium of the different forces latent in

the atoms (Paramdnus) themselves. (^f^w^t **MH l

«fHiq4h«fli fo$ii i: I—Charaka.)

Chemistry of Colours.—As an interesting example

of the way in which a follower of Charaka would

account for the colours of chemical compounds, I may

note the explanation given by the late Gangadhara

Kavir&ja Kaviratna in the Jalpakalpataru, a com-

mentary on the Charaka-Sa?tthit&, published at Calcutta

in 1869, premising that the Kavir&ja's view is pure and

genuine Charaka doctrine. Gangadhara begins with a

simple statement. The qualities of the atom, he writes,

tend to produce similar qualities in the molecule. A
molecular quality is therefore the result of the conjunc-

tion or opposition, as the case may be, of the atomic
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tendencies. When, for example, the five Bhiitas

combine to produce an organic compound (the human

body), Tejas, Ap, and Earth tend to produce red, white,

and black respectively, but in the body (compound

substance) the yellow colour may happen to be pro-

duced as the result of these tendencies in that particular

proportion and collocation. The point to note here is

that the molecule forms a fresh collocation, redistributes

the Mass and Energy, and sets up new forces in the

system, which coming into play modify the potencies

(or tendencies) in the component atoms, and thus

determine the resultant. This is elaborated into a

curious but complete theory of the colours of chemical

compounds.

The colours (and other qualities) of a simple sub-

stance (an isomeric mode of any Bhuta) are the result

of the potencies lodged in that particular collocation

of Mass, Energy, and Essence. Now when two such

substances unite, their colours, etc., tend to be pro-

duced, but the combination brings on a fresh distribu-

tion of Energy, Mass, and Essence, and the forces thus

set free may powerfully modify or even extinguish the

separate tendencies or potencies of the component

simple substances. For example, when we prepare a

collyrium by mixing equal parts of sulphur and mercury

(the black sulphide of mercury) we find the resulting

compound black. To explain this it has to be remem-

bered that each of the substances (sulphur and mercury)

contains Sattva (Essence), Rajas (Energy), and Tamas

(Mass) in different proportions, and that predominant

Tamas (Inertia, Mass) always produces black, predomi-
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nant Sattva (Essence) white, and predominant Rajas

(Energy) red. Now in the black sulphide of mercury

the white of the mercury tends to produce white, and

the yellow of the sulphur yellow, and if these ten-

dencies were not obstructed the result would be a

mixed colour. But, in the particular collocation in

question, the Tamas of the mercury becomes intensive

(irtro), and the black of the now intensive Tamas

extinguishes the white in the uncompounded mercury,

which was due to prevailing Sattva, as well as the

yellow of the uncompounded sulphur, which was due

to the combined operation of white-producing Sattva

and red-producing Rajaa Again, when, with proper

apparatus and by the application of heat, we combine

mercury and sulphur to produce the red sulphide of

mercury, the resulting colour is explained by the fact

that in this new collocation the Rajas (Energy)

—

probably of the mercury, though Gang&dhara does not

specify—becomes intensive (irtw), and extinguishing

both the white-producing Sattva of the mercury and

the yellow-producing Sattva-Rajas of the sulphur,

imparts a red colour to the compound. In these cases,

as also in the formation of red by mixing powdered

turmeric with lime, i.e. whenever a new colour is

produced in the compound, it is to be explained by

the dominance of Tamas, Rajas, or Sattva, or their

combinations, and the extinction of the uncompounded

tendencies (or potencies) by the forces set free in the

new collocation. But there are other cases where the

colour of the compound is a mixed colour resulting

from the colours of the combining substances, e.g., when
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sulphide of mercury and calcined tin are mixed, the

resulting colour is evidently a mixed one (P&tala,

pink), which is easily explained by the colours of

the component elements (the red of the sulphide

of mercury and the white of the calcined tin) ; in

the same way, in a mechanical aggregate, as in a

piece of cloth, the colour is white where the threads

are white.

n^rttfrnffr* wTonmin: *^kh*u4| grerfaimrt* wHk *nw#
«pk<8^ vtgKif<?Ff y&ttf winn 5*P*^ jtFwij

^ronrH iprflrjN wtww i w qn^nwft: *rV?

tfroft * gftfipqpft nrawftfinft wir i info ^m^V^

m^m^y i^^MlflH^^H wt -mH ^ tow i *ifNtf*n*-

*WW** sft*M ^ wftr w?r i ^(Htfiyfi&*q*m yhrem i

(Jalpakalpataru, Siitrasthdna of Charaka, pp. 198-200 ;

edition published by Bhubanachandra Basdk, Calcutta,

Samv&daratndkara Press, Saravat 1925.) This is

quite in a line with Charaka's explanation of the

tastes of chemical compounds which has been already

noticed.
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Parindrm-vdda versus Arambha-vada.—Charaka's

view of the formation of a new quality or a new

substance is based on the S&nkhya teaching as to the

conservation and transformation of Energy, and brings

chemical synthesis in a line with evolutionary change

(^fem). On this view, a new substance may arise by

spontaneous or isomeric change, i.e. by the interplay

of Energies within the system of any given substance,

in the absence of any action from without. New
qualities like new substances are only readjustments

of the old, and continual changes are going on by

spontaneous disintegration and recombination. Opposed

to this evolutional view of chemical synthesis is the

Ny&ya-Vaiseshika doctrine of Arambha-v&da, according

to which no change of substance or quality, no effect, in

short, can take place except by the action of one

component element (substance or quality) on another.

A binary molecule, for example, cannot possess any

" specific quality " (fa^vpr) of a kind not represented

in each of the two component atoms. In the cosmic

process no atom can exist free and uncombined with

another atom, and every " specific quality " in a

substance can be ultimately analysed into the union of

two " specific qualities " of the same class in two

ultimate particles which cannot be further divided. A
single colour, smell, or taste in a single particle, until it

can link itself on to another specific quality of its own

class in a second particle, cannot characterise any

substance formed by the union of these particles as

material causes. Hence an Earth-atom cannot unite

with an Ap-atom to form a new substance of which
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both the particles must be equally regarded as material

causes. At any rate, such a compound, if effected,

would be smell-less, as of the two constituent atoms only

one, viz. the Earth-atom, possesses smell. A compound

of Earth and V&yu would be smell-less, colourless, and

tasteless, and so on. The Nydya-Vaiseshika does not

deny that there may be compounds of different Bhiitas,

nor does it deny the causal operation of specific qualities

as efficient or energising (dynamic) causes (towi,

f*if«i«*K4u), but it refuses to place these compounds on

the same footing as compounds of isomeric modes of

the same Bhiita ; and it accepts the " material

"

causality in such cases of only one of the Bhiitas,

regarding the others as co-efficients (ftrflnnrrar).

The earlier S&nkhyas including the medical schools

of ancient India brushed all this aside as a distinction

without a difference. The Ved&ntists, as we shall

presently see, flouted this doctrine of Arambha-vdda.

The Jainas, in opposing this Vaiseshika view of atomic

combination, hit upon a solution of the problem of

chemical affinity. Others, again, found out a via

media. They held, as we learn from the reports of

Udyotakara in the Ny&ya-v&rtika, and of V&chaspati

Misra in the Tdtparyyatikd, that a molecule of the

structure EA (one atom of Earth and one of Ap)

would exhibit some variety of colour and taste resulting

from the joint action of the atoms and of their several

colours and tastes. But as in the combination EA only

the Earth-atom possesses smell, and the Ap-atom is

smell-less, and as moreover no quality in a compound

substance can result except from the joint action of the
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similar (potential) qualities of at least two component

elements, it follows that a molecule of the structure EA
would not manifest the energy of smell potentially

contained in the Earth-atom. Hence, admitting the

combination EA for a smell-less compound, the upholders

of this view would suppose a molecule of the type E2A

(i.e. two atoms of Earth and one of Ap) to explain

any bi-Bhautic compound of Earth and Ap (like the

plant saps and fruit juices) which exhibits smell in

addition to the peculiarities of colour and taste. Cf
Vdchaspati's comment on Udyotakara's refutation of

this view :

—

Measures of Time and Spate—Size of Atoms.—The

SiddhAnta-Siromani gives the following measures of

Time :—

30 Kshanas (**) = 1 day, 30 KdshfAas = 1 KaU,

2 Ghatikds = 1 Kshana, 18 Nimeshas = 1 KdshMa,

30 Kalis = 1 GhatM, 30 Tatparas = 1 Nimesha,

and 100 Trutis = 1 Tatpara.

This makes a Tru/i of time equal to 33750 of a

second, which is nearly the measure of the Param&nu of

time as given in the Vishnu Purdria (vide BhAskaras

Siddhdnta-Siromani

—

« i<jmH imn)

.

The above measures were in use among the astro-

nomers, but the physicists computed according to the

Digitized byGoogle



THE ANCIENT HINDUS 77

following table given both in Udayana's Kiran&vali

and ^ridhara's Ny&ya-Kandali :

—

30 Muhurtas = 1 day (24 hours),

30 Kal&s = 1 Muhurta, 2 Lavas = 1 Nimesha,

30 K&shth&a = 1 Kali, 2 Kshanas = 1 Lava.

18 Nimeshas = 1 K&ahth&,

(Udayana, Kiraw&vali.)

This makes 1 Kshana of the Ny&ya-Vaiseshika equal

to ^ of a second. The Ny&ya assumes that the unit

of physical change (or the time occupied by any single

antecedent step in a causal series before the succeeding

step is ushered in) is equal to a Kshana (or ^ of a

second). The astronomers were familiar with far smaller

measures of time. The astronomical Truri of time

measures about the thirty-four-thousandth part of a

second. This is of special value in determining the

exact character of Bh&skara's claim to be regarded as

the precursor of Newton in the discovery of the principle

of the Differential Calculus, as well as in its application

to astronomical problems and computations. This claim,

as I proceed to show, is absolutely established; it is

indeed far stronger than Archimedes' to the conception

of a rudimentary process of Integration. Bh&skara, in

computing the " instantaneous motion " (fliqftil<$«1 ifir)

of a planet, compares its successive positions, and regards

its motion as constant during the interval (which of

course cannot be greater than a Truri of time, though
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it may be indefinitely less). This Tdtkdlika motion is

no other than the differential of the planets longitude,

and Bdpudeva Sdstri claims that both the conception of

the instantaneous motion and the method of determining

it plainly show that Bh&skara was acquainted with the

principle of the Differential Calculus. On the data

before him, Mr. Spottiswoode remarks that B&pudeva

S&strf "overstates the case." Bh&skara "makes no

allusion to one of the most essential features of the

Differential Calculus, viz. the infinitesimal magnitude

of the intervals of time and space therein employed.

Nor indeed is anything specifically said about the fact

that the method is an approximate one." " With all

these reservations," Mr. Spottiswoode continues, "it

must be admitted that the formula he establishes and

the method of establishing it bear a strong analogy

to the corresponding process in modern mathematical

astronomy" (viz., the determination of the differential

of the planet's longitude—by no means the first step in

transcendental analysis or in its application to astro-

nomy). And Mr. Spottiswoode concludes by stating

that mathematicians in Europe will be surprised to

learn of the existence of such a process in the age of

Bh&skara (circa 1150 a.d.—born 1114 A.D.). Mr. Spottis-

woode's second objection, that Bhdskara does not specifi-

cally state that the method of the Calculus is only

approximative, cannot be taken seriously. The con-

ception of limit and the computation of errors came

late in the history of the Calculi of Fluxions and

Infinitesimals. For the rest, Bhdskara introduces his

computation expressly as a "correction" of Brahma-
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and one Pala as much as four Suvarnas or Tol&s. A
Pala of gold therefore weighs 320 Krishnalas (Manu,

Chap. VIII. ; Vishnu, Chap. IV. ; and Y&jnavalkya,

Chap. I.).

A M&shd of gold therefore would weigh 6^ grains

;

a ToU, 105 grains (in current practice it weighs nearly

double, as I have stated); and a Pala, 420 grains

Troy.

The measures for silver were the following:

—

1 silver M&sh& = 2 KWshnalas, 1 Dharana =16 silver

M&sh&s, and 1 Pala =10 Dharanas. A Pala of silver

would therefore weigh 320 Krishnalas. In other words,

the Pala was a fixed measure of weight, and was equal

to about 420 grains Troy, or double this if we take

the Krishnala of current practice.

A Pala, which equals 320 KWshnalas, was sub-

divided by 4, 16, and 5 successively for gold, and by

10, 16, and 2 successively for silver. A Suvarna (or

Told) of gold corresponds roughly to a Dharana of

silver, and a gold M&shd to a silver M&shd, but the

sizes (or volumes) are not the same, and we must not

therefore conclude that gold was supposed to be heavier

than silver in the proportion of 5 to 2.

We find that 1296 Trasarenus equal one Knshnala.

A Trasarenu, as a measure of weight, therefore, is the

equivalent of of a grain Troy, or double this

according to current measures.

But the Trasarenu of physics is a different con-

ception. It stands for the minimum visibile, i.e., as

the physicists define it, that which is just discernible

as a glancing particle in the slanting beams of the

o
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morning (or afternoon) sun coming into a dark room

through a chink or orifice of a window. This is a

measure of size (or rather stimulus lirnen).

Measures of Capacity.—Here the standard was

furnished by the Kudava (fw), a vessel described

as 3 Angulis long, 4 Angulis broad, and l£ Anguli

deep, with a cubical capacity of 13£ cubical Angulis.

4 Kudavas = 1 Prastha, 4 Prasthas = 1 AdAaka,

4 ArfAakas= 1 Drona, and 4 Dronas= 1 Khdrf or Bh&ra.

24 Angulis make 1 Hasta, cubit, which may be

taken to be 18 or 19 inches. A Kurfava was divided

into 4 Palas, and there can be no doubt that originally

water of the weight of 4 Palas was found to be actually

contained in a vessel of the cubical capacity of a

Kucfava. If we take the ancient cubit to have

been 19 inches, the Kurfava would contain nearly

4 Palas of distilled water at 30° Centigrade. On a

cubit of 18 inches, the Kurfava would contain about

3f Palas.

The Kudava in current medical practice is supposed

to represent a cubical vessel, each side being 4 Angulis.

This would give a capacity of 27 cubic inches, if we

take the modern cubit of 18 inches. The Kavir&jas

take a KucZava to contain 8 Palas of water, and as

1 Pala = 320 Knshnalas, and 80 Knshwalas are now

taken to be equal to 210 grains Troy, a vessel of a

capacity of 27 cubic inches is accordingly supposed to

contain about 6,720 grains Troy—which is not very

wide of the mark, being about 1 *3 per cent, short for

distilled water at 86° Fahrenheit or 30° Centigrade.

Size of the Minimum Visibile; Size ofan Atom.—The
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supposed thickness of the just-discernible mote in the

sunbeam (called a Paramdnu in Technology, Silpa-

s&stra, and a Trasarenu in Natural Philosophy) follows

directly from Var&hamihira's table :—8 Param&nus

make 1 Rajas (or Ratharenu,

—

cf. the Manasara), 8 Rajas

make 1 VAUgra (filament of hair), 8 V&ldgras make

1 Likshd, 8 Liksh&smake 1 Yukd, 8 Yiik&s make 1 Yava,

8 Yavas (the Manasara has 4) make 1 Aitguli (superior),

24 Angulis make 1 Hasta (cubit, lesser cubit, 18 inches).

The thickness of the minimum visibile (the finest per-

ceptible mote in the slanting sunbeam) is therefore

taken to be 3.2' 20
, or 349525 of an inch. The volume

of a spherical Trasarenu (or Param&nu of the Silpa-

s&stra) would therefore be ir.3
8.2"w of a cubic inch.

It may be here noted that such a Trasarenu is supposed

in the medical schools to contain 30 chemical atoms

(Param&nus of Natural Philosophy) according to

one estimate, or 60 according to another. The

size of an atom must then have been conceived

to be less than tt.3.5"
1^" 62 of a cubic inch.

1

(^rm^tiftwnifgniy* *nd*^ ^fir gfipnfo *nfhr^

mfir Umi.—Vardhamihira, Vrihatsamhitd, Chap. LVII.

,

&loka 2.

TOIT^ inrt wffc iwhuh ihj—ibid., Sloka 1.

—

Cf. Utpala,

miylfl i Cf. also ^rar^s f^Nn f**nn ire«mgfir.)

The magnitude of a Param&rau is called PArimAnrfalya

(mfnrrv^) in the Ny&ya-Vaiseshika, the name suggest-

1 Curiously enough, this is fairly comparable (in order of

magnitude) with the three latest determinations of the size of the

hydrogen atom

!

G 2
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ing that the Param&nus were conceived to be spherical

in shape. The Nydya-Vaiseshika calls a Param&nu a

mere point with infinitesimal dimensions, i.e. less than

any assignable fraction of any finite quantum ; but in

the S4nkhya-P4tanjala, a Param&nu, though indefinitely

small, had still assignable dimensions, being divisible

into Tanm&tras, which were themselves integrations of

Bhut&di. The diameter of a spherical Param&nu must

have been conceived to be less than 3.2"20 of an inch

(i.e. less than the conventional Param&nu with which

linear measures begin), and the volume of a Paramdnu

would, therefore, in accordance with Bh&skara's formula,

be smaller than §.7r.3
8.2~w or tt.3

2
.
2"w of a cubic inch,

where ir = fffrr- The Tanm&tras were conceived as

smaller still.

That these were conventional measures arbitrarily

assumed goes without question, for of course the

Hindus had no physical data for a mathematical

calculation of these minute quantities. A V&l&gra

(hair-tip, or finest filament of hair), for example, is

taken to be 3.2~ 14 of an inch thick, i.e. less than one-

five-thousandth fraction of an inch in thickness ; and a

fibril of the networks of Dhamani or NAcft (nerve) that

supply the pores of the skin (papillae? ymftr tfrnpi-

nfiroirftr, Susruta) was supposed to be about a thousandth

part of the finest hair in thickness, or of the

minimum visibile, and, therefore, about 3.10~8 2~ 14 of

an inch thick (cf. ^jcgHiihi^KJi: rftn ^^prnRjOT^ iTOcfifj

Panchadasi) ; but it is evident that these measures were

arbitrarily fixed upon, instead of being arrived at by

calculation or actual measurement. Indeed, Charaka
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expressly states that the number of &irAs and Dhamanis

in the body (three million fifty-six thousand nine

hundred) is only a conjectural estimate (^ftrifcnnr:

jpiSinf—SArirasthAna, Chap. VII.).

My account of the chemistry of the SAnkhya-

PAtanjala, and of the affiliated Yoga and medical

schools, has anticipated in several points the views of

the VedAnta and the NyAya-Vaiseshika. The chemical

facts, processes, and apparatus are indeed common to

all the schools. In the following account of the

chemistry of the schools other than the Sankhya-

PAtanjala, I will confine myself to the theory of the

subject, and even of this I will attempt only the

briefest outline.

The VedIntic View.

The VedAntists believe MAyA to be the " material

cause" (gm$H* im ) of the world. The power of

MAyA is the power to realise the unreal— to impart

practical Reality or mediate existence to that which

does not and cannot possess absolute Reality or self-

existence. MAyA is at once real and unreal, while the

Brahma (Self) is absolute Reality, absolute Intelligence,

and absolute Bliss. The world evolves out of MAyA

(qmmftjam), so that MAyA in the VedAnta replaces the

Prakn'ti of the SAnkhya. But MAyA, and by implica-

tion the world, originate out of Brahma, not by a

process of evolution (qftqn*), but of Vivarta (self-

alienation). The self-alienation of the Absolute, acting

through MAyA, produces in the beginning Ak&sa—
one, infinite, ubiquitous, imponderable, inert, and all-
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pervasive. The world thus begun goes on evolving,

in increasing complexity. The other Sukshma Bhutas,

classes of subtile matter, evolve from Ak&sa, in an

ascending linear order

—

Ak&sa, giving off V&yu, V&yu

giving off Tejas, Tejas giving off Ap, and Ap giving off

Earth. Ak&sa, (one, infinite, all-pervasive) has the

capacity of sound. V&yu (subtile gaseous matter)

emanates from the universal Ak&sa, and is instinct with

the potential of mechanical energy (impact, pressure)

—Vidvanmanoranjini). Tejas (subtile radiant matter)

emanates from V&yu, and contains in potentia the

energy of light and heat. Ap (subtile viscous matter)

is the transformation of Tejas, and is instinct with the

energy that stimulates the nerve of teste, and lastly,

Earth (subtile hard matter), which is the transformation

of Ap, possesses the latent energy of smell.

But the subtile rudiments of matter must be com-

pounded in various ways to give rise to the gross

constituent matter of the world. These forms of gross

matter are called Mah&bhiitas. There are five kinds of

Mahdbhuta (gross matter) corresponding to the five

Sukshma Bhutas (subtile matter), and the process by

which a Mah&bhuta is produced from the Sukshma

Bhutas is called Panchikarana (quintuplication). All

the five Sukshma Bhutas are present as ingredients,

though in different proportions, in each Mah&bhuta.

The Mahdbhuta Earth, gross Earth-matter, is com-

posed of four parts of subtile Earth-matter and one

part each of the other forms of subtile matter. The

MahAbhuta Vayu is composed of four parts of subtile
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gaseous matter and one part each of the other forms of

subtile matter. And similarly with other Mah&bhutas.

Hence if ak, v, t, ap, e, represent the five forms of

subtile matter (Akdsa, V&yu, Tejas, Ap, and Earth),

and AK, V, T, AP, E, stand for the corresponding

Mah&bhutas, we may represent the constitution of the

Mahdbhutas as follows :

—

AK = ak4 (vx. tj. api. ex), ak4 being the radicle.

V = v4 (akx. ti. apj. e^, v4 being the radicle.

T = t4 (ak2. vv apx . e^, t4 being the radicle.

AP = ap4 (aki. vx. t^. ex), ap4 being the radicle.

E = e4 (akx. vx. t^ ap^, e4 being the radicle.

In forms of gross or compounded matter the poten-

tial energies (or qualities) become actualised. The

Mah&bhuta Ak&sa, manifests sound; V&yu, sound and

mechanical energy; Tejas, sound, mechanical energy,

and heat-light ; Ap, the energy of the taste-stimulus in

addition ; and finally, Earth, the energy of the smell-

stimulus added to the foregoing.

The Pafichadasi characterises the different Mahd-

bhiitas by their typical sounds : e.g., Akdsa by the echo

(hollow booming sound) ; Vayu (air) by a sibilant sound,

hissing, susurration (imitative symbol, Visi) ; Tejas (fire)

by a puffing (or roaring) sound (imitative symbol, Bhu-

gubhugu) ; Ap (water) by a liquid sound (imitative

symbol, Culu-culu, gurgle, plash-plash, glut-glut); and

finally, Earth by a splitting or rattling sound, a crack

or a thud (symbol, Kad-kada). (Chap. II. Bhutaviveka,

Sloka 3, Panchadarf. Cf. also Jayanta, Manjari.)

Others hold that Ak&s* (ether) never enters as a
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component part, and is always one and indivisible. In

this view the four Mah&bhutas—Vdyu, Tejas, Ap, and

Earth—alone are supposed to be compounded, and by a

process which may be called quaternion (cf. the Neo-

Platonist quaternion) :

—

V = v8 (ti. apx . e^.

T = t, (vt . apx. ex ).

AP = ap, (vx. ta. et ).

E = e8 (vx. tv apx).

These compound forms, as before, are supposed to

exercise their specific energies actively. Others again

hold that the MahAbhutas Tejas, Ap, and Earth alone

are compounded by a process named Trivn't-karana

(triplication). Thus T = t2 (apx. e^, AP = ap^ (tp ex),

E = e* (tt. apx ).

The Siikshma Bhiitas are forms of homogeneous and

continuous matter, without any atomicity of structure ;

the Mah&bhutas are composite; but even these are

regarded as continuous, and without any atomic struc-

ture. The Ved&nta speaks of Arau (Param&nu) not as

an ultimate indivisible discrete constituent of matter,

but as the smallest conceivable quantum or measure of

matter. In the S&nkhya doctrine the atomic structure

is ordinarily accepted. The Gunas are supposed to be

ijftftw and bounded and indefinitely small in size

(except the Guraas giving rise to Ak&sa, and Manas,

which are unlimited ^reftfwr) ; and hence the Tanmatras

and Param&nus must be conceived to have a discrete

structure.

As I have already noted in my account of the
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genesis of Tanmdtras and Paramdnus, various schools

of Veddntists (e.g. the Rdmdnujists and the followers

of Nimbdrka) combined, in the orthodox fashion of the

Smntis and the Purdnas, the Veddntic theosophy with

the Sdnkhya cosmology, especially as regards Praknti

and the order of creation and dissolution. For example,

the Veddnta-kaustubhaprabhd, fortifying itself with

texts from the Vishnu Purdna and the Subala and

Gopdla Upanishads, contends that, at the cosmic disso-

lution (Pralaya), each Mahdbhiita merges into the one

that preceded it in the order of creation by first

disintegrating into its own proper Tanmdtric form

(ir*mr¥TTT), and that the Mahdbhiita Akasa merges into

the original Tanmdtras, which then lapse into Bhut&di,

the super - subtile rudiment - matter, proto - matter

(Chap. II., Pada III., Sutra 14).

Parindma — Evolutionary Process. — When the

Mahdbhiitas are once formed, the different kinds of

substance are derived from them by the evolutionary

process called Parindma (*ifiOTT*, transformation).

Matter is constantly undergoing change of state. The

effect is only the cause in a new collocation (*k<j4N

dtfiHUHt *nSn). Change is of two kind :

—

(1) Change by a spontaneous process, without

external influence, including isomeric change (^rmfti

*ft*rm). The Veddntists believe in spontaneous dis-

integration and reintegration. Action from without,

impressed force ab extra, is not, pace the Naiyayikas,

always a condition of change of state (whether of rest

or of motion) ; nor is it necessary that more than one

substance should combine to generate another substance
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or variety of substance (e.g. the formation of curds

from milk, of ice from water, etc.). All this is directed

against the Nyaya doctrine (Arambhavdda).

(2) Change due to combination with other sub-

stances (s^hwhjM'i). Such combination may produce

(a) a compound substance possessing like qualities with

the constituents («hmw<iM^mPk), or (b) unlike com-

pounds with new qualities, " heteropathic effects

"

(frJiHOift^Mfa). Any new quality thus evolved through

(chemical) combination is called Samhata-bhuta-dharma

fa^wwwvift), e.g. the intoxicating power of the fermented

rice and molasses, which does not exist in the in-

gredients taken separately (mnftwRl uw* nqfaHiTu

qynw *Wffw. fspra). This Sambhiiyakriyd (*w*ftwT,

*gj*iR) corresponds to chemical combination, and the

Ved&ntists, like the Sankhyas, explain this only as the

evolution of the latent Energy (srffc, *»j|rt$in») in a

new collocation (tfwrsr, *rore-*fir^r). But, unlike the

mediaeval Sdnkhya, the Ved&nta freely recognises the

combination of heterogeneous Bhutas. Thus Earth,

Ap, Tejas, and V&yu freely combine in different pro-

portions and groupings to produce the variety of

substances in the world. For example, the animal

organism is a compound of all the five Bhutas (vjh-

Htfin*). It is not merely the concomitant or efficient

causes that may be heterogeneous to the material cause,

as the Naiydyikas contend, but several heterogeneous

substances (or Bhutas) may unite as " material causes
"

to produce a new substance.

The Ved&ntists resolve all activity—physical, vital,

as well as psychical—into modes of motion, subtile
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cosmic motion (qfl**K, tijgUqfUiK—6ankara

;

qftw^rwwwn^

—

itmm mPu««<iim<mi$*—

^

ww} ^Hwff^flHm^—6ankara) ; but they give a separate

substantive existence to the agents, the vital principle

(mm), and the mind (to), though these are also

evolutionary transformations of the Sukshma Bhutas

(forms of subtile matter). What is common to the

NyAya, the VedAnta, and the SAnkhya is that Conscious-

ness or Intelligence (^iw) transcends Matter ; but the

NaiyAyikas, as pluralists, hold that vital and psychical

activities are also immaterial and cannot be resolved

into motion (irftw?). The VedAntists resolve these

activities into subtile motion, but ascribe them to a

substantive quasi-material Life Principle and Mind, the

all-mirroring Intelligence (^iw) alone being immaterial

and transcendent; and the SAnkhyas accept the sub-

stantive existence of the Mind Principle (ir:) as derived

co-ordinately with the Sukshma Bhutas or TanmAtras

from individualised Prakroti (AhankAra), but resolve

Life into a mere resultant activity of the bodily organs,

viz. the organs of sense and movement and the psychic

principle (mr:).

Wtror :— ftrvr fvm *njiT inrt yi: \

*mfT$i ^t^fngqiqif *pnniftr *foprH (ffrymttftnft) —
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qmum^M^jHn i tojitoj wrt *jTTRt qttmniiTO ^fiJinwT^

—Vidvanmanorafijini.

i ^nft tow* *tt*tc frgftfli ftnnftsftir i ^nrtt-

irnrftf ^fiu— 6ankara, Sdriraka - Bh&shya, Sutra 7,

Pada III., Adhy&ya 2.

The Atomic Theory of the Buddhists.

The Buddhists recognise four essentials of matter,

viz. extension (with hardness), cohesion (with fluidity),

heat, and pressure (with motion), and four sensibles,

viz. colour, taste, smell, and touch (vide Dhamma-
sangani, Attha-s&lini, etc.).

The later Vaibhdshikas hold that the V&yu-atoms

are touch-sensibles, having impact or pressure for

their characteristic property, and by aggregation

form the element VAyu; the Tejas-atoms are colour-

and-touch-sensibles, having heat for their character-

istic, and by aggregation form the Tejas Bhuta; the

Ap-atoms are taste-colour-and-touch-sensibles with a

characteristic viscosity, and form the Ap-element by
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aggregation ; and finally, the Earth-atoms are sniell-

taste-colour-and-touch-sensibles possessing a character-

istic dryness or roughness (*n3*r), and by their aggre-

gation form the Earth-element. The Bhiitas thus

originated combine to form aggregates, which are

classed as inorganic substances, organisms, and organs.

^fii ^fwrft)—also wr^?tw^ra^TpnftT jnnftr).

The Atomic Theory of the Jainas.

Of the nine categories of the Jainas, that of Ajiva

(the not-soul or non-Ego) consists of five entities, four

of which are immaterial (^1), viz. merit, demerit,

space and time, and the fifth, material (gft, possessing

figure). The last is called Pudgala (Matter), and this

alone is the vehicle ofEnergy, which is essentially kinetic,

i.e. of the nature of motion. Everything in the world

of not-soul (the non-Ego) is either an entity (fit) or a

change of state in an entity (ntfro). Pudgala (Matter)

and its changes of state (ntfro), whether of the nature

of subtile motion (mCUm^) or of evolution (ifftsrm), must

furnish the physical as opposed to the metaphysical

basis of all our explanations of Nature. Pudgala

(Matter) exists in two forms—Anu (atom) and Skandha

(aggregate). The Jainas begin with an absolutely

homogeneous mass of Pudgalas, which by differentiation

(h^) breaks up into several kinds of atoms qualita-

tively determined, and by differentiation, integration,

and differentiation in the integrated (*hwt^, ^t^,

dv i fl^ i^—Um&sv&ti, Chap. V., Sutra 26), forms aggre-
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gates (Skandhas). An Anu has no parts, no beginning,

middle, or end. An Anu is not only infinitesimal, but

also eternal and ultimate. A Skandha may vary from

a binary aggregate (n^p*) to an infinitum (tH^Ng*)-

A binary Skandha is an aggregate of two Anus (atoms),

a tertiary Skandha is formed by the addition of an

atom (Anu) to the binary (n^p*), and so on ad infinitum.

The ascending grades are (1) what can be numbered

(tf?«ni), (2) indefinitely large (*ri*!pi), (3) infinity of the

first order (^mr), (4) infinity of the second order

(vM'flM'fl), and so on.

General Properties of Matter.—The specific charac-

ters of the Pudgalas (Matter) are of two kinds,

(l) those which are found in atoms as well as in

aggregates, and (2) those which are found only in ,

aggregates. Qualities of touch, taste, smell, and colour

come under the first head. The original Pudgalas

being homogeneous and indeterminate, all sensible

qualities, including the infra-sensible qualities of atoms,

are the result of evolution (ifftsrm). Every atom thus

evolved possesses an infra-sensible (or potential) taste,

smell, and colour (one kind of each), and two infra-

sensible tactile qualities, e.g. a certain degree of

roughness or smoothness (or dryness and moistness ?)

and of heat or cold. Earth-atoms, Ap-atoms, etc., are

but differentiations of the originally homogeneous

Pudgalas. The tactile qualities (*r^> ftrv, ^nm3 jfhr)

appear first, but qualities of taste, smell, and colour are

involved in the possession of tactile qualities. An
aggregate (Skandha), whether binary, tertiary, or of a

higher order, possesses (in addition to touch, taste,
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smell, and colour) the following physical characters

:

(1) sound, (2) atomic linking, or mutual attraction and

repulsion of atoms, (3) dimension, small or great,

(4) figure, (5) divisibility, (6) opacity and casting of

shadows, and (7) radiant heat-and-light.

Sensible Qualities.—Tactile qualities are of the

following kinds : hardness or softness, heaviness or

lightness (degrees of pressure), heat or cold, and

roughness or smoothness (or dryness and viscosity ?).

Of these the atoms (Anus) possess only temperature

and degrees of roughness or smoothness, but all the

four kinds of tactile qualities in different degrees and

combinations characterise aggregates of matter from

the binary molecule upwards. The Jainas appear to

have thought that gravity was developed in molecules

as the result of atomic linking. Simple tastes are of

five kinds—bitter, pungent, astringent, acid, and sweet.

Salt is supposed by some to be resolvable into sweet,

while others consider it as a compound taste. Smells

are either pleasant or unpleasant. Mallishena notes

some elementary varieties of unpleasant smell, e.g. the

smell of asafoetida, ordure, etc. The simple colours are

five—black, blue, red, yellow, and white. Sounds may

be classed as loud or faint, bass (thick) or treble

(hollow), clang, or articulate speech.

The most remarkable contribution of the Jainas to

the atomic theory relates to their analysis of atomic

linking, or the mutual attraction (or repulsion) of atoms

in the formation of molecules. The question is raised

in Um&sv&tfs Jaina Sutras (circa a.d. 40?)—what

constitutes atomic linking? Is mere contact (or
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juxtaposition) of atoms sufficient to cause linking ? No
distinction is here made between the forces that bind

together atoms of the same Bhuta and the chemical

affinity of one Bhuta to another. The Jainas hold that

the different classes of elementary substances (Bhiitas)

are all evolved from the same primordial atoms. The

intra-atomic forces which lead to the formation of

chemical compounds do not therefore differ in kind

from those that explain the original linking of atoms to

form molecules.

Mere juxtaposition (*hft*r) is insufficient
;
linking of

atoms or molecules must follow before a compound can

be produced. The linking takes place under different

conditions. Ordinarily speaking, one particle of matter

(gsgr) must be negative and the other positive

(ftpppp&3*i) ; the two particles must have two peculiar

opposite qualities, roughness and smoothness (^spi and

ftrnnw, or dryness and viscosity ?), to make the linking

possible. But no linking takes place where the

qualities, though opposed, are very defective or feeble

(w^jpir). We have seen that, ordinarily speaking, two

homogeneous particles, i.e. both positive or both

negative, do not unite. This is the case where the

opposed qualities are equal in intensity. But if the

strength or intensity of the one is twice as great as

that of the other, or exceeds that proportion, then even

similar particles may be attracted towards each other.

In every case change of state in both the particles is

supposed to be the result of this linking, and the

physical characters of the aggregate depend on the

nature of this linking. When particles of equal
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intensity (negative and positive) modify each other

there is mutual action; in cases of unequal intensity

the higher intensity transforms the lower, it being

apparently thought that an influence proceeds from the

higher to the lower. All changes in the qualities of

atoms depend on this linking. A crude theory, this,

of chemical combination, very crude but immensely

suggestive, and possibly based on the observed electrifi-

cation of smooth and rough surfaces as the result of

rubbing. The interpretation of and fapv as dry

and viscous must be rejected in this connection as

untenable. The TattvarthAdhigama of UmAsvAti, which

expounds the theory, most probably dates back to the

first half of the first century a.d.

Cf. Umdsvdti-TattvArthddhigama, Chap. V. :—

^flnrc irih ftnnffr vrt *jf^iO wit mih\Ph 1 wOTt ^wre 1 ^rct

^11 4kw<i d^rt ftws *rrftr *R*n*jt 1 i!#wwi^iTft^i^h

^Nnnffrfh 1 **t* i ft* »ftiwrTT^ ^rnft wftr 1 wrgH^fta

^ftf 1 vNir 1 *fir tfftir nwm tmit nwffir 1 ftrv-

H
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J^PpirftFW? J^PpnftF^T tJ^yiy^HJ^ gwj<a*^«u ^fif I ^rrr^

The Nyaya-Vaiseshika Chemical Theory: a Brief

Summary.

I must content myself here with a brief and rapid

sketch of the chemistry of the Ny&ya-Vaiseshika, which

I shall elaborate in connection with the mechanics and

physics of the ancient Hindus in a separate paper.

The relation of the specific characters of molecules

(and higher aggregates) to the original atomic qualities

is reduced in the Nyaya-Vaiseshika to the following

canons : (a) wpfrp* «iwj<us3«^ (b) $*n-

w*: T DHifll4H)4tJi: (here j*i is used in a narrow tech-

nical sense, so as to exclude the quasi-compound

substances); (c) ^ \^^lH> \^^^^H \^^^y\w^^'

ifw: (d) wkm*i$WH$x+-HtkH i$*M-
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Y*nRr*r. 4WMi|iflu*N*i* i No separate explanation is

necessary, as the canons are embodied in the following

exposition.

Theory of Atomic Combination.—Atoms are eternal,

ultimate, indivisible, and infinitesimal.

The four kinds of Atoms are Earth, Ap, Tejas, and

V&yu atoms, possessed of characteristic mass, numerical

unit, weight, fluidity (or its opposite), viscosity (or its

opposite), velocity (or quantity of impressed motion

—

Vega) ; also characteristic potential colour, taste, smell,

or touch, not produced by the chemical operation

of heat
(*q i«i|^MWlHKMjiMP^ lfo

Akasa has no atomic structure (ftrr^re), and is absolutely

inert (firfaw), being posited only as the substratum of

sound, which is supposed to travel wave-like in the

manifesting medium or vehicle of V&yu (air). Only

the other four Bhutas unite (or disunite) in atomic

or molecular forms. The orthodox view is that the

presence of Earth-atoms is necessary whenever chemical

transformation under the operation of heat
(m*aflflufti)

takes place.

Atoms cannot exist in an uncombined state in

creation (Siv&ditya, Sapta-pad&rthi, vide commentary),

where, however, it is noted that still atmospheric air is

believed to be monatomic in structure, i.e. to consist of

masses of atoms in a loose uncombined state
(ftcrftnrer^

The atoms may combine in one or other of the

following ways :

—

I. One Earth-atom, by an original tendency, unites

with another to form a binary molecule (n^p*). In

H 2
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the same way binary molecules of the other Bhiitas

are formed. The atoms are possessed of an inherent

Parispanda (rotary or vibratory motion), and when

they unite in pairs, so long as there is no cltemical

operation under the action of heat-corpuscles, the original

qualities of the atoms produce homogeneous qualities in

the binary molecules.

The question as to the existence of a triad, a tetrad,

a pentad, eta, of atoms is one of the moot points of

the NyAya-Vaiseshika. The orthodox view is that the

primordial infinitesimal particles (atoms) start with an

incessant vibratory motion
(*H<Kflql\4a^HlM(VfaflM«H i-

P<«H«H4H: ,
Raghundtha Siromani

; nflnfl^m qflivm^n:

^in?rffir, Udayana, Kusumdnjali) and an inherent impulse

that drives them to unite in pairs—a sort of " mono-

valency," as it were, exhausted with the formation of

a binary molecule. The binary molecules now combine

by threes, fours, fives, etc., to form larger aggregates

as well as the variety of elementary substances, the

particular collocation in any case being not only deter-

mined by physical causes, but also serving to satisfy

the ends of the moral law in creation (v^f, vft).

(ffl^3^§(*RRwrir ^wfa firHifi, n *r*rt i wgwftpra ^rcfTfan

*r$# *<^Mi i ^w^m^ w*n inn ihA w w i^ttwv^

wTTT^rnnft *n*n?r i *r%y*Tfan jrifrrrerel *fr. i—Sridhara,

Nydya-Kandali, gftpftftrero^ i Cf. Vdchaspati's report,

Bhdmatl, Chap. II., Pada II, Sutra 2.

fl^J*Hi*<KM4rfii^i) Prasastap&da appears to have

originated this view (wnp^j WJrrtWT—trn?i*nijVT-

ffaqUi—PrasastapAda, qftmqrftrewO ; but that another
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view was also maintained in the Vaiseshika school is

evident from the brief summary of Kan&da's system

given in Utpala's commentary on the Vnhatsamhitd,

and this indeed also follows from Sridhara's admissions

in the Kandali On this view, also, atoms have an

inherent tendency to unite ; but some unite in pairs,

others in triads, others in tetrads, etc. This may
happen in two ways—either by the atoms falling into

groups of threes, fours, etc., direct, or by the successive

addition of one atom to each preceding aggregate.

A triad (Tryanuka), then, holds together three

atoms (Anus), not three binary molecules (Dvyanukas),

as on the orthodox hypothesis. Similarly with tetrads,

pentads, etc. (^jftvr. vrmm: i *T*rt

w^mJk^H^^w. i—Utpala, Uhap. I., Sloka 7 ; cf. also

Sndhara's admission, urn *ifij Mmm«ft wpiwnw wwf^wr-

Sankara seems to speak of two binary molecules in the

Vaiseshika as forming a tetrad £ Wg* ^Jt^wmwr
—S&nraka-Bh&shya, Chap. II., Pada XX., Sutra 2, where

the Bh&mati gives a forced interpretation).

In Prasastap&da's view, these binary molecules are

grouped by threes, fours, fives, etc. igt*[*)

to form different isomeric modifications. The variety

of Earth substances is due to differences in the

arrangements of the molecules (e.g. their greater or

less density, and, above all, their grouping or col-

location, *r?, TOraraftrajr), which account for the

specific characters (vrnnft) manifested by these

isomeric substances. ?rr (^ftn^) liWinwnrci
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girnnffrwffwfrhn i — Prasastap&da, ^f^ftftrew^ i

«n*n7T i—6ridhara, Kandali, ibid.

^n^^MrHM i flH i^i h^Tj^t^ i—Udayana, Kiran&vali, ibid.

These original differences in molecular grouping,

leading to distinctions of genera and species, however

mechanically or physically explained, come also under the

operation of moral and metaphysical causes (v^f,

i.e. of ideal ends in the moral government of the

Universe, which are superimposed upon the physical

order, but which do not come within the scope of

Natural Philosophy. An elementary substance thus

produced by primary atomic combination may, however,

suffer qualitative change under the influence of heat

(m**fljlMftl ). The process is as follows :—(l) The impact

of heat-corpuscles decomposes the binary (tertiary, or

quaternary) molecules into homogeneous atoms pos-

sessing only the generic characters of the Bhiita

concerned; (2) the impacts of heat-particles continue,

and transform the characters of the atoms, determining

them all in the same way
; (3) the heat-particles

continue to impinge, and reunite the atoms so trans-

formed to form binary (or other) molecules, in different

orders or arrangements, which account for the specific

characters or qualities finally produced. The Vaiseshika

holds that there is decomposition into homogeneous

atoms, transformation of atomic qualities, and finally
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re-combination, all under the influence of heat (ft^ns).

The Nyaya, on the other hand, thinks that the molecules

and larger aggregates assume the new characters under

the influence of heat without decomposition into homo-

geneous atoms or change of atomic characters (fM4im«).

dMmjHHH flnm: qP<«<^iii i *tr*wj wtf^r TO^Hr-

wfln^p^m^n^ft **** ^fir i (Jayanta, Ny&yamafijari,

wnRr-^hwf-) This is the Vaiseshika view, but Jayanta

himself inclines to the opposite view : g*f>i$firoph

ftrennrenro i flmm*mq w i ibid. The Ny&ya

view : ^ ^hiFProm ui«i{MfV<<H'M 'flproro gygrarennft

g ^Tf^ ^ftas**** *—Udyotakara, Chap. III.,

Ahnika 1, Sutra 4.

II. Chemical Combination (**nifan, ^fwftpn).

—

Chemical combination takes place either between two or

more substances which are isomeric modifications of the

same Bhiita, or between substances which are modes of

different Bhiitas.
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A. Mono-Bhautic Compounds.—The simplest com-

pounds are mono-Bhautic compounds, i.e. coin-

pounds of different substances which are isomeric

modes of the same Bhiita.

(a) Mono-Bhautic compounds of the first order.

Under the impact or impulse (wftwir or

*ft^r) of heat-corpuscles, the substances

in chemical contact (*nxw* *Wtn) break

up into their atoms. These atoms are

homogeneous, possessing only the original

physical and chemical characters of the

Bhiita concerned. As the specific dif-

ferences between isomeric substances arise

from the arrangement or collocation of

the atoms, the substances lose their

distinctive marks on decomposition into

the latter, (^r UWJJJJJ WHwftw^ firew

Udyotakara, Chap. III., Ahnika 1, Sutra 4.

Sron^—Srfdhara, Ny&ya-Kandali, ^ftr^ftr-

^TOP^ i) Under the continued impact (or,

it may be, impulse) of heat-particles farnn

Trffc"5*wr «fl^tfi^ vftronm^ *T—Jayanta),

these atoms take on new characters. It

is heat, and heat alone, that can cause

this transformation of the colours, tastes,

smells, etc., in these original Bhiita -

atoms. What particular colours, tastes,

smells, or physical characters will be

produced in the atoms depends (1) on the
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colours, etc, of the constituent substances

in contact ; (2) the intensity or degree of

the heat (wtj 35, or nwrm) ; and (3) the

species of Tejas-corpuscles that impinge

on the atoms, or the nature of the impact

PifygHK*w 1 Vide also Udyotakara, III.,

2, Sutra 14. Cf. also V&chaspati, L, 1,

Sutra 4. wfti w^tto fvzrm

Now when the atoms have all been

determined in the same way, they begin

to re-combine again under the impact (or

impulse) of the heat-particles in binary

molecules (or tertiary, etc.), and these in

higher aggregates. It seems to be

generally held that at the final step one

or more atoms of one constituent sub-

stance unite with one or more atoms

of the other constituent substance or

substances to form a molecule of the

compound ; but the question is not

of much significance for mono-Bhautic

compounds of the first order, as in these

cases the atoms have before this all lost

their distinctive characters and become
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homogeneously transformed. The com-

pound so produced will possess the new

characters of the transformed atoms, so

far as taste, colour, smell, etc., are con-

cerned, but as the molecular arrangement

or structure (*rf, vrcrTOrftrcjr) may vary,

different compound substances may result

from the same components.

(b) Mono-Bhautic compounds of higher orders.

Again, mono-Bhautic compounds of the

first order may chemically combine to

form higher compounds, and as the

ultimate Bhiita substratum is the same,

the process of decomposition and re-com-

position will be essentially the same as

before. The only doubtful point is

whether in this case the component com-

pound substances are broken up only into

their constituent molecules, or into the

original homogeneous Bhuta-atoms. Some

of the later Vaiseshika scholiasts hold

that the latter happens in every case of

chemical composition, however complex,

but the earlier Vaiseshika conceived that

in the case of compounds of compounds the

decomposition does not proceed so far as

the original Bhuta-atoms, but that it is

the specifically determined atoms consti-

tuting the molecules of the component

compounds that are transformed under the

impact of the heat-corpuscles ; and then
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one such transformed atom (one or more

according to another version) from the

molecule of one component unites with

one similarly transformed atom (one or

more according to the other version)

from the molecule of the other component.

Prasastap&da, the great Vaiseshika doctor,

holds this view. When, for example,

in the fertilised ovum, the germ and the

sperm substances, which, in the Vaise-

shika view, are both isomeric modes of

Earth (with accompaniments of other

Bhiitas), unite, both are broken up into

homogeneous Earth-atoms, and it is these

that chemically combine under the animal

heat (and biomotor Enery, *tj) to

form the germ-plasm (155^). But, next,

when the germ-plasm develops, deriving

its nutrition from the chyle (blood) of

the mother, the animal heat breaks up

the molecules of the germ-plasm into its

constituent atoms (*<$<$k**<4<kj<I4J<<;), i.e.

into atoms specifically determined, which

by their grouping formed the germ-plasm,

and then these germ-plasm atoms as

radicles chemically combine with the

atoms of the food-constituents, and thus

produce cells and tissues. (u*j^MHMi*5:

4<4Mi 1 ftry 9jrk *rnp ^ftftrt inftt aftnnwppirt
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vmm i . . . m mjm iun.

amum f>w: hhkmuu^Pk *pwi jkUnk-
*TC»nr ^ott worn i—Srfdhara, Kandah',

^ftpftftrew^ i) In this hypothesis (w^rt)

it is assumed that the atoms are similarly

transformed, i.e. become endowed with

the colour, taste, smell, etc, of the

product (the cell or tissue) the moment

before the chemical combination takes

place. Similarly, when milk is trans-

formed into curd, one view is that the

transformation takes place (under internal

heat) in the constituent atoms of the

milk-molecules, atoms specifically deter-

mined as milk, and not in the original

atoms of the Bhiita (or Bhiitas) entering

into the composition of milk. (Cf. *4

Ny&yabodhini, on Annam Bhatta's Tarka-

sangraha. Cf Dinakari

—

fl4g#%qy mftr-

ipwft Km far.) i ) In these cases the

atomic contact is called constituent con-

tact (vTWrthftn), and all the atoms are

equally regarded as material causes (^n^nr-

wrrm or «qqifc«K«j) of the compound
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B. Hetero-Bhautic" Quasi-coinpounds."—TheNy&ya-

Vaiseshika maintains that in the case of bi-

Bhautic (or poly-Bhautic) compounds, which are

only quasi-compounds, there is another kind of

contact between the heterogeneous atoms of the

different Bhiitas, which may be called dynamic

contact, and is distinguished in its operations

as Upashtembha, Vish/ambha, or Avashfambha

flnw, or In some cases it so

happens that the atoms of different isomeric modes

of the same Bhiita do not chemically combine

under the mere application of heat ; they require

to be surrounded (and "excited," "energized")

by atoms of different Bhiitas. For example, in

the case of the oils and fats, as well as of plant

saps and fruit juices, the Earth-atoms must be

dissolved in water (Ap), and it is only when the

water-atoms (Ap-atoms) congregate round the

former that dynamic intra-atomic forces are set

up, and the Earth-atoms (with the water-atoms

in dynamic contact) now take on peculiar infra-

sensible characters (colours, tastes, smells) under

the impact of the heat-corpuscles, and then,

under further impact, fall into groupings or

collocations (of a very peculiar nature, to be

presently explained) which determine the nature

of the composite substance thus produced. Here

it is the water-atoms that are dynamic (ttowi),

and excite the Earth-atoms, and these substances,

oils and fats ($3^ and yr**t), as well as acids

(*S**i) are, because of the Earth-radicles, regarded
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as Earth compounds (or Earth substances).

qTf^fWftrftr i tsrcu >ft*H*t<jUHi« i^
1J^»—Uda-

yana.) In the above instances, Ap (water) acts

as dynamic (Upashfambhaka, but Tejas

and V&yu can also act in the same way on Earth-

particles. Conversely, Earth-particles may act

dynamically on the atoms of the other Bhiitas.

For example, in the case of mercury and the

metals which are conceived in the Nyaya-

Vaiseshika to be igneous bodies (in fact, they

are supposed to be formed under the subterranean

heat, toto), the Tejas-corpuscles are believed

to form the radicles, and the Earth-particles are

dynamic (ttowi). (*priftflj ftrnrt »nw#; ^

*ifM T?Tfir i w^q g«inKq Hflmwm gyw«UPn

^TTT Iffaf^yrfwiq*^ i sir MKqiR;

*nwnr^ i—Udayana, Kirandvali, iriftftreTO^ i Cf.

also jftsfq Thnrftrsarfir ^psrtf irto* mW«ftHMi

It may be here noted that Gangesa, the author

of the Tattvachint&mani, conjectures that even

gold can be evaporated or made to disappear by

the application of intense heat : gflgAflii^:

But Mathurdn&tha notes here : *wui^*ic*t^*wli i

(TiftnA^T^i).

But while every Bhiita can act dynamically

Digitized byGoog



THE ANCIENT HINDUS 111

as twi, " energizer," "exciter," it is the

Earth Bhuta alone which is capable of exercising

(1) the power of arrest or inhibition of molecular

motion, or the motion of particles due to gravity

as in fluids (Vishfambha, ftnw) ; or (2) the

power of counteracting the tendency in a given

set of atoms to fall into a peculiar order or group

1it*jn£ *n Oi^Pi i—Udayana, Kiran&vali, ^ftn^-

—Vardhamdna, Kiran&valiprak&sa, ibid.)

Oils, Fats, Milks.—Bi-Bhautic quasi-compounds,

with Ap as energizer : Oleaginous substances (m*nft<j iqn:

m$r.) are divided by Udayana into (1) oils derived from

vegetables, (2) butters derived from milk, and (3) fats

derived from animals. The medical schools, as we have

seen, recognise animal oils as distinguished from

vegetable oils. Vegetable fats (e.g. ftr^ffir) are also

mentioned. Vdchaspati and Udayana contend that

among oils, fats, milks, etc., differences in flavour and

odour imply differences in kind (nrfir) and in molecular

structure, since it is only a variation in such structure

that constitutes a variation in natural kind

*ftrro •*—
<iiww«MOi$M ifiw%|^<w iffOi^ i

:—Udayana, Kira-

w&vali). Mustard-oil, for example, has not the flavour

and smell characteristic of sesamum-oil (Taila), and is

classed with the latter only by reason of similarity

of specific qualities and structure. Judged by the flavour

test, Amikshd (the casein substance formed by mixing

milk curd with hot boiled milk) is to be classed with

Digitized byGoogle



112 THE POSITIVE SCIENCES OF

milk substances. So also Takra, whey ; but Vdjina,

the thin fluid that is left after the Amiksha (casein

substance) is separated, cannot be classed as milk. It

may be added that the milks and curds, as well as oils

and fats derived from different species of vegetables or

animals, are supposed to differ in their ultimate

structural arrangement, and therefore in kind ; but

Vallabha thinks that the ghees (clarified butters)

prepared from different kinds of milk are of the same

kind; in other words, the milks and curds are

" polymeric," the ghees (clarified butters) " isomeric,"

using these terms, as before, in a loose general

sense. (. . . . q1^w1iq l*MTtP«w^ i *rict wftM-

<S«gwft $sn# UMfljmm iqft 3 yrgnrygra i—Udayana,

Kiran&vali, ^ftrrtfircw^i Vallabha notes that ghees

do not differ in kind as milks (and curds) do : wwt

n i fig*iHmfl;y y; ^ftiw^ ^fmfljj mftwqgnmftffti i—Valla-

bha, Lil&vatt Compare V&chaspati, II., 2, 65

:

^Tftrroi w^nsnrei rri^ *Tftre wi^ ^nftnfnrt * oth i)

III. Mixtures like Solutions, etc.—A solution (of an

Earth substance in Ap or water) is a physical mixture

of a peculiar kind, from which evaporation (or pre-

cipitation) ordinarily sets the water free. Udyotakara

notices gruels, baths, and lyes (alkaline solutions)

as mixtures of this class (*tr M i** i te«fa5« iqnjKiqn:

jngm :—Udyotakara). A soup is also a physical

mixture. When meat is boiled in water there is the
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application of heat with chemical changes in the meat,

but the combination of meat particles and water

particles in the soup is only physical combination and

not a chemical one. It is, of course, not a true

compound, neither is it a quasi-compound like milk (in

which the water particles are " energizers " of the

Earth particles). Milk, for example, retains its milky

substance when it coagulates or becomes solid (this, of

course, is also the case with mono-Bhautic substances

whether elementary or compound, e.g. water, which

becomes ice), but the substance we call a soup or

solution ceases to be a soup or solution the moment it

solidifies, (xnft fij ?m 3^mhmhmm1 ^rrart *TgrfajrcT«pr^

qrrofWyWw^ mjwn 1—Udyotakara, Vdrtika,

Chap. L, Ahnika 1, Sutra 14. Vide also V&chaspati's

comment: sfhrtothtI *ftfic *ct ftiwhrftngn^n^rl

^TPffW Tft^T fij%M> qreft^nft mti *T ***T ^ij*

1 * * njuftwu Miftrn^ lXVfK i—V&chaspati, •

Tatparyyatikd, ibid. For earthy salts in sea-water,

vide Kirandvall: v\ J^jfVf^^r qmffrft? to *r*R?

^T^hrgiw 1—Udayana, Kirandvali, if^yftf-

Chemical Action and Heat.—The operation of heat

is of course universally implied in chemical combina-

tions. Where the application of external heat is

1
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wanting, Vdtsy&yana, the great doctor of the Ny&ya,

points to the operation of internal heat (e.g. ^ftretvrj:

Vdtsy&yana-Bh&shya, Chap. IV., Ahnika 1, Sutra 47).

In the case of combustion we have seen Vijndna-

bhikshu explain the heat as latent in the Earth

substance, the fuel, from which it breaks forth.

Udayana points out that the solar heat is the source

of all the stores of heat required for chemical change

in the world. The change of colours in grasses, for

example, is due to Tejas in the form of latent (invisible)

heat, not in the form of Agni ; and the cold in winter

cannot take away this store derived from the sun.

^Mifl- (Hiatal *rfor. *raw i^m^ i itch ^Hh^h -

ixjwm iftnng^wwTfli?!?^ v?rrprci infant foyh^swn^

*P«!Wt^ ^ i—Udayana, Kirandvali, ffi*fTTflri*fftreq^ i)

Similarly it is under this solar heat that the unripe

mango ripens, i.e. changes colour, taste, smell, etc.,

showing that there is chemical transformation or subtile

decomposition and recomposition going on ; and this is

also the case with the rusting of the metals, which is a

combustion due to the solar heat (folmi) even as the

conversion of food into chyle and of chyle into blood

are instances of chemical action due to the internal

animal heat (nyrreg or wfafSt win). But the kind of

contact with heat-corpuscles, in other words, the kind

of chemical action (to) which transforms colours, is
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supposed to differ from that which transforms flavour

(fag^qnrifrtNfri and vxm), and this last from that which

produces a change of smell, or tactile quality, (vvit

?rm fcH i fl*NM:d*ftj i : i * ^ srremnrfrn i ^m*h*1 ftirnrhririr.-

fnwfinnrnrhTT: toft: gn*ftg*pgR arenrfrm i inrrfif ip&3*-

njwt wrpr^n^r TTj^renff i H i ^i^mfi;rq(>igMi,ni^rH^Nfflij|^H i-

T»rir i mr. ^mf^wm ng iyM iw^ft i—Ny&yabodhim on

Annam Bhatfa's Tarkasangraha.) Heat- and light-rays

are supposed to consist of indefinitely small particles

which dart forth or radiate in all directions rectilineally

with a sort of conical dispersion and with inconceivable

velocity. They may either (1) penetrate through

inter-atomic (or inter-molecular) spaces as in cases of

conduction of heat, which when applied under the pot

boils the water or fries the paddy, where there is no

chemical action in the pot, no decomposition and

recomposition of its atoms, no change in the molecular

collocation
;

or, as with light-rays in cases of trans-

lucency or transparency (^rsttt), penetrate through the

inter-atomic spaces with Parispanda of the nature of

I 2

Digitized byGoogle



116 THE POSITIVE SCIENCES OF

deflection or refraction (finft^mif, Udyotakara), in the

same way as when fluids penetrate through porous

bodies (m qftgrap frafrpma ^ftsro *mc ^fir—Udyotakara,

commenting on Vdtsy&yana's gft^prft^t, Sutra 47,

Ahnika 1, Chap. III.) ; or (2) impinge on the atoms, and

rebound back—which explains reflection foOTftwpi

—Var&hamihira, OVmM jH—V&tsy&yana), or otherwise

be obstructed by the atoms in their path, which would

explain degrees of opacity, the casting of shadows, etc.,

all these operations being also physical, and unattended

by decomposition and recomposition or alteration of

molecular grouping ; or (3) lastly, strike the atoms in

a peculiar way, so as to break up their grouping, trans-

form the physico-chemical characters of the atoms, and

again recombine them, all by means of continual impact

with inconceivable velocity, an operation which explains

all cases of chemical combination. (wftr*ft ihrcft

*iwuP<$Ph H^ft^j w<^4^i|frniffl 4ftta«Mi^ i—Udayana,

KiranAvali, wiftfircw^, taken from V&chaspati, T&t-

paryyatikd, wwwmrym i Cf. also *n^» ?nr. Witt

mft *M hm ^ nflr^rir i—V&chaspati. ^rffl^$ fc%7mfti wir.

—ibid. Cf. ¥hte*wwti^$wfaifa i\my§* \*um \ wft* \*(\ <i\

Snftirrorflrw^n^ hOmhhm i^mmii \—Udayana, inftftreqrcpfr

in reply to the objection : ^ iJKbtr\ hAi m iOh i

PywT^imt ircrtynffo •fi^ld irift i
fcircn^i—Udayana, ibid. Definition of *rar?TT—^*ni?cu-

v®*j*i i wrgnfl^ ^ ^rfiw ihrarsinftwT^i—Udyo-
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takara, Chap. III., Ahnika 1, Sutra 38. ^Tfl^rr^:

wfij#iHiftd*ffci $T?NftrcnfTHj—Sutra 47, where Udyotakara

notes : wtamflnmr.

—

to E^rore^ ^ ^n?r to vwnmift:

wjumm *tefinmr ^ftr i V&chaspati explains

i^RTTO *iHKNjfl4frfiui*q»*ft qtarfWw: i Cf. Vdtsyd-

yana on Sutra 47, Ahnika 1, Chap. III. On the other

hand, in chemical combination, jremrey yTrafrg»font i

fWn, P^hnmi^ wrwinrt^fftRT^n etc.—Jayanta, Mafijari,

^?r^7RrjJq^ i For opacity, shadows, etc., vide 5
7nr.TOTOtaTOm^ *flfrnn m<hi^h i innTOT^Tftmi i *nr ^

Udyotakara, Chap. IV., Ahnika 2, Sutra 25. For

reflection and its laws, I quote passages in my Paper

on Hindu Physics, to which the student of the history

of Optics is referred.)

Arrangement of Atoms in Space.—The Ny&ya con-

ceives atomic magnitudes as Pdrimdnrfalya, a term

which indicates a spherical shape. (ftn* qftrog*—

MP<*Utf<j*H MiPwwtrMH— ASankaramisra) . To conceive

position in space, VAchaspati takes three axes, one

proceeding from the point of sunrise in the horizon to

that of sunset, on any particular day (roughly speaking,

from the east to the west) ; a second bisecting this

line at right angles on the horizontal plane (roughly

speaking, from the north to the south) ; and the third

proceeding from the point of their section up to the

meridian position of the sun on that day (roughly
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speaking, up and down). The position of any point in

space, relatively to another point, may now be given

by measuring distances along these three directions, i.e.

by arranging in a numerical series the intervening

points of contact, the less magnitude or distance being

that which comes earlier in this series, and the greater

that which comes later. The position of any single

atom in space with reference to another may be

indicated in this way with reference to the three axes.

But this gives only a geometrical analysis of the con-

ception of three-dimensioned Space, though it must be

admitted in all fairness that by dint of clear thinking

it anticipates in a rudimentary manner the foundations

of solid (co-ordinate) geometry. (*#i«s(\| f^n mffoftyq^r-

^ ^rwn^i—Vdchaspati, Tdtparyyatikd, Chap. IV.,

Ahnika 2, Sutra 25.)

The original physical arrangement of atoms is also

given. Each (spherical) atom is in contact with six other

atoms. *4 fl^ftaft wfti *ftm wm Utt

*^ft ymqjfrfl^ ii^ mqJHrfHj*: i

—

ibid. Cf. also

the objection in the Buddhist Kdrikd, M3*m yni^tn

mmmt Hi$w\ i f»HM^M ftnrr. gn^fnro n This

is the typical primordial arrangement, and variations in

the collocation of atoms and molecules TO^fl^i),
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as we have seen, were conceived to account for the

variety of isomeric modes of the same Bhiita, as well

as of mono-Bhautic and poly-Bhautic compounds.

The molecular arrangement in the case of bi-Bhautic

compounds is very peculiar. Two substances, say Earth

and Ap (water), form a quasi-compound first, and each

substance breaks up into atoms ; one atom of Earth

comes into contact with one of Ap. But the two do

not form a binary molecule. Instead, this contact of

heterogeneous atoms leads to a curious result. The atom

of Earth combines with a neighbouring atom of its own

class, and forms a binary molecule. Simultaneously

the atom of Ap combines with another Ap-atom, and

formg & binary molecule. Now the first binary molecule

links on to the atom of Ap, and similarly the second

binary molecule links on to the atom of Earth. The

moment after, the two binary molecules take on the

physico-chemical characters of Earth and Ap respec-

tively, and simultaneously with the assumption of these

physico-chemical characters, the binary molecules enter

into complex contact fcifrnnftta). In all this process

work is done only in the first instant, in the contact of

an atom of Earth with one of Ap ; the resulting contacts,

of atom with binary molecule and of the binary mole-

cules with each other, involve no further expenditure of

Energy. Thus we get a particle holding two binary

molecules (of Earth and Ap respectively) in complex

contact, and such particles continue to be formed. In

this way the particles of the two substances arrange

themselves, and the peculiarity of this molecular arrange-

ment explains the resulting mixed or compound qualities
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of this class of quasi-compounds. (#*frnrin§ (?Nfon)

*rapn ***um i wnwfti gipt gnarfrftftnn ^Tf^ft—Pra-

^astapdda-Bhashya, *pnn*i *ftnftrcro^i)

The whole process may be graphically represented

as follows :

—

Molecules of a bi-Bhautic Quasi-compound:

Graphic formula of complex contact.

an atom of Earth. W = an atom of water (Ap).

W
Ca binary molecule of i _ (a binary molecule of

( Earth. W t water (Ap).

I will conclude this account of ancient (and

mediaeval) Hindu chemistry with a note on the con-

ception of molecular (atomic) motion, Parispanda, and

the different varieties of such motion which were

conceived to account for the physical phenomena of

sound, light, and heat. Any attempt to differentiate
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rigidly between Mechanics and Physics on the one hand

and Chemistry on the other at this primitive stage

would be an idle affectation. My Paper on Hindu

Mechanics and Physics will give a detailed exposition in

a separate treatise.

Parispanda:—Resolution of all Physical

Action into Motion.

Parispanda sometimes stands for motion molar as

well as molecular, but more often for the subtile motion

of atoms or molecules. The radical meaning of the

term is whirling or rotary motion, a circling motion,

but it may also include simple harmonic motion (e.g.

vibration). All action, operation, work (ftwr, ^ipitt) is

ultimately traced to this form of subtile motion lodged

in the atoms or in the matter-stuff. The Ved&nta,

for example, speaks of a cosmic vibratory motion

(«i<jfl«MlX44K«f^—Sankara). Ak&sa, in the VedAnta,

as we have seen, is the first stadium in the evolution of

Matter, which gives off V&yu, which gives off Tejas, and

so on ; but Ak&sa (ether) itself passes through two

stages before the emanation of the Sukshma-bhuta

V&yu : (1) the motionless ubiquitous primordial

matter-stuff (answering to the SAnkhya Bhiitddi) called

Purdnam Kham (jtrtf ft) ; and (2) a subtile integration,

the pure un-quintuplicated Sukshma Bhiita called

VAyuram Kham (*rjt <t), answering to the SAnkhya

Tanmdtra stage. It is this subtile Akdsa, in its

Tanm&tric integration, i.e. in the derivative form,

which is subject to an incessant Parispanda. The

gaseous stage of matter (the Veddntic Vdyu) is indeed
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matter in a state of Parispandic motion (*rafc mPum^i-

mnwn^—Sankara). So also the biomotor and sensori-

motor principles apart from the directive intelligence of

the Self (wnrcn MfX^K iiiHM ivi—^fom wjt fjsrar m^if

JMUN (tyranny—/Sankara). The SAnkhya also conceives

this Parispanda to characterise every process and

phenomenon of cosmic evolution («nk *flrt mPum^**^—
V&chaspati, Kaumudi). Bhiitas, organisms, mental

organs, as modes [of Praknti (considered apart from the

Intelligence of Purusha) are all subject to this Pari-

spanda (jw^ft 5^ wro ^?nirt «Hiqqn ^fif inrt qlX^^i I

yrk^ftwufW * iiftw^ nftn i—Vdchaspati on

riki 10). On the other hand, Praknti as the Avyakta,

the a-cosmic, the un-manifest ground, with resolution

only of like to like (trpraftsrm), is devoid of all Pari-

spandic motion (mrfa *wurerrfa qft^rwg^n Art, mnfa

m(\^m^ ?nftj i

—

ibid, on K£rik& 10). The Ny&ya-Vaise-

shika finds Parispanda in all forms of matter, except

AkAsa, which in that system is non-atomic and in-

capable of any change or activity (ftrfera). But all

atoms, from those of VAyu downwards, are in incessant

motion. The world at bottom is an infinitude of con-

tinually whirling (or vibratory) particles (iM«Kfl<lft*iK-

H i H i MlX^flM^H iO'M^ iujl*— RaghunAtha ;
compare also

Udayana-Kusum&njali, Stavaka V.—iHtuoq: fl| nftryh

$wn^ qffw^yn ^nrtftr i). All physical action consists

in motion. The NyAya-Vaiseshika rejects force, power,

operation (jrfa) except as modes of motion. Jayanta,

indeed, states : We do not acknowledge any mysterious

power or operation which the senses do not and cannot

report to us. But this denial of Force (^rftR) and of
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unperceived and unperceivable operation (vAltyi|«imi<)

is put forward as a philosophical (epistemological and

metaphysical) proposition to justify the Ny&ya analysis

of the causal nexus into mere invariable and uncon-

ditional antecedence among phenomena without pro-

ductive power or efficiency (*Rnnftrf^pra ftnnrfHfihn—
Bh&shd-Parichchheda). It is not, of course, intended

to question the existence of Parispanda, which is of the

nature of motion, and which, though subtile and there-

fore infra-sensible (^jp and wgwirCT, not mftflpi), is the

ultimate form of all physical activity. (tiftw?

*ftPiuft iimk: *OiM^i y wttM^p^J mmu •iiwlfin wi^ \ . . •

nwi^ IRl^J ^R£iTT ipfif 1 •! V<$«fl^«4t TPTTT

Tq^wwi—Jayanta, Ny&yamafijari, Ahnika 1.) The

effect (no less than the action) is, in all cases of material

causation, the resultant of the combined motions of the

various (material and efficient) causes involved (e.g. in

the case of m^^^ x^^^ y^A^^^^ g*fafip-

mgrcftCT: tot ^g^nr i . . . wimt ^th mwk \

f* R^rnm< v. wftr *ni *tw?it^ i—Jayanta, Nydya-

manjari, Ahnika 1.)

But, in the Ny&ya-Vaiseshika, though all action of

matter on matter is thus resolved into motion, con-

scious activity is sharply distinguished from all forms

of motion, as against the S&nkhya-Ved&nta, which, as

we have seen, considered everything other than Intelli-

gence, the Purusha or the transcendental Self, to arise

in the course of cosmic evolution, and therefore to be

subject to Parispandic motion. (ftwifajiM **rt *nmrt

qijum: i w^ iw<mr^nin i^miu^^4n i—Quoted in Ja-

yanta's Ny&yamanjarf, Ahnika 4.)
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ADDENDA.

Empirical Recipes from Varahamihira (circa 550 a.d.)

RELATING TO CHEMICAL TECHNOLOGY.

A. Searing of hard rocks to enable them to be cut

(or pulverised)
(figgT^nar).

Sprinkle on the rock taken red-hot from the fire of

Falasa and Tinduka wood (Butea Frondosa and

Diospyros Embryopteris) :

—

(a) diluted milk, or (b) a

solution of wood ashes (the ashes of the Mokshaka

mixed with those of reeds), or (c) a decoction of (the

fruit of) the jujube (Zizyphus Jujuba) kept standing for

seven nights in a mixture of whey, vinegar, and spirits,

in which Kulattha (Dolichos Uniflorus or Biflorus) has

been steeped, or (d) a solution of the ashes of the

Neema bark and leaves (Azadirachta Indica), the

sesame-pod, the resinous fruit of the Diospyros

Embryopteris, and the Guduchi (Tinospora Cordifolia),

with cow's urine. Repeat the process seven times (in

the last case six times).—(VarAhamihira, Vrihat Samhitd,

Chap. XXXIII., Slokas 112-117.)

B. llardening of steel (simmh ).

(1) Plunge the steel red-hot into a solution of

plantain ashes in whey, kept standing for twenty-four

hours ; then sharpen on the lathe.

(2) Make a paste with the juice of the Arka

(Calotropis Gigantea), the gelatine from the horn of the

sheep, and the dung of the pigeon and the mouse;
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apply it to the steel after rubbing the latter well with

(sesame) oil. Plunge the steel thus treated into fire

;

and when it is red-hot, sprinkle on it water, or the milk

of the horse (or the camel or the goat), or ghee

(clarified butter), or blood, or fat or bile. Then

sharpen on the lathe.— (VarAhamihira, «^l<$«|<u^j

Chap. XLIX., &lokas 23-26.)

C. Preparation of cements (for rocks, metals, etc.)

(to*).

Var&hamihira gives the following recipes among

others :

—

(1) First, prepare a levigated powder with lac,

the resinous exudation of the Pinus Devadara, the

Balsamodendron Mukal, the Feronia Elephantum, the

kernel of the fruit of the iEgle Marmelos (the bel), the

Diospyros Embryopteris, the Neem (Azadirachta Indica),

the Mhow (Bassia Latifolia), the Indian madder (Rubia

Manjistha), the Phyllanthus Emblica, and the resin

of the Sala tree (Shorea Robusta); then make a

decoction of this in 256 Palas of water reduced by

boiling to 32 Palas, and apply the decoction hot.

(2) The horns of cows, buffaloes, and goats, asses'

hair, buffaloes' skin, with gavya (cow's urine, etc.), the

Neem (Azadirachta Indica), and the Feronia Elephan-

tum, similarly treated.

(3) A mixture of eight parts of lead, two of " bell-

metal," and one of brass, melted and poured hot

(Maya's cement).

The first, it will be seen, has lac, gum, and turpen-

tine as principal ingredients ; the second makes use of

gelatine ; and the third is a metallic cement.
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D. Nourishment of Plants (from Var&hamihira,

Chap. LIV., on ^fTgife).

The most suitable ground to plant in is soft soil

that has been sown with the Sesamum Indicum, and dug

up or trodden over with the sesame in flower. Grafts

should be smeared with cow-dung. For transplanting,

the plants should be smeared with ghee (clarified

butter), sesame oil, the honey of the Kshudra variety

of the bee, the oil of the Usira (Andropogon Laniger or

Andropogon Citrarum), the Vidanga (Embelia Ribes),

milk, and cow-dung. Trees should be planted at

intervals of 20 or 16 cubits.

As a sort of general prophylactic, mud kneaded

with ghee (clarified butter) and Vidanga (Embelia

Ribes) should be applied to the roots, after which milk

diluted with water should be poured. As a remedy

against barrenness a hot decoction should be made

of Kulattha (Dolichos Uniflorus or Biflorus), Masha

(Phaseolus Roxburghii), Mudga (Phaseolus Mungo),

Tila (Sesamum Indicum), and Yava (barley), which,

when cooled, should be poured round the roots.

To promote inflorescence and fructification, a

mixture of one Adhaka (64 Palas) of sesame, two

Adhakas (128 Palas) of the excreta of goat or sheep,

one Prastha (16 Palas) of barley powder, one Tula

(100 Palas) of beef, thrown into one Drona (256 Palas)

of water, and standing over for seven nights, should be

poured round the roots of the plant. The measures

given are for one plant.

To ensure inflorescence, etc., the seed before being

sown should be treated as follows ;—The seeds should
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be taken up in the palm greased with ghee (clarified

butter) and thrown into milk; on the day following

the seeds should be taken out of the milk with greased

fingers and the mass separated into single seeds. This

process is to be repeated on ten successive days. Then

the seeds are to be carefully rubbed with cow-dung, and

afterwards steamed in a vessel containing the flesh of

hogs or deer. Then the seeds are to be sown with the

flesh, with the fat of hogs added, in a soil previously

prepared by being sown with sesame and dug up or

trodden down.

To ensure the formation of Ballaris (i.e. sprouting

and the growth of luxuriant stems and foliage), the

seeds should be properly soaked in an infusion of

powdered paddy, Masha (bean), sesame, and barley,

mixed with decomposing flesh, and then steamed with

Haridrd (turmeric). This process will succeed even with

the Tintidl (Tamarindus Indica). For the Kapittha

(Feronia Elephantum), the seeds should be soaked for

about two minutes (lit. such length of time as it would

take one to make a hundred rhythmic claps with the

palms

—

wt3R(tc) in a decoction of eight roots (Asphota,

AmaJaki, Dhava, Vdsika, Vetasa, Suryyavalli, SyAma,

and Atimukta, i.e. the jasmine, the myrobalan, the

Grislea Tomentosa, the Justicia Ganderussa, the Calamus

Rotang, the Gymandropsis Pentaphylla, the Echites

Frutescens, and the Dalbergia Oujeinensis) boiled in

milk. The seeds should then be dried in the sun.

This process should be repeated for thirty days. A
circular hole should be dug in the ground, a cubit in

diameter and two cubits deep, and this should be filled
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with the milky decoction. When the hole dries up, it

should be burnt with fire, and then pasted over with

ashes mixed with ghee and honey. Three inches of

soil should now be thrown in, then the powder of bean,

sesame, and barley, then again three inches of soil.

Finally, washings of fish should be sprinkled, and the

mud should be beaten and reduced to a thick consistency,

then the seed previously prepared should be placed in

the hole under three inches of soil, and fish-washings

poured. This will lead to luxuriant ramification and

foliage, which will excite wonder. The Agnipur&na

adds that the mango is specially benefited by cold

fish-washings (*Mgftq«M jftinr wrarnrt w ^nw—^wrjifo
Agnipurdna). It will be seen that these elaborate

recipes are empirical contrivances for supplying the

requisite nitrogen compounds, phosphates, etc., these

being potentially contained in the mixtures and

infusions prescribed.
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CHAPTER II.

HINDU IDEAS ON MECHANICS (KINETICS).

Section 1.

ANALYSIS OF MOTION.

In his Bh&sya 1 on the VaiSesika 1 Aphorisms, written

probably in the third or fourth century of the Christian

era, if not earlier, Prasastap&da begins the Section

on Motion (vfcn*) with the definition of karma

(motion, lit. work) as the unconditional cause of con-

junction and disjunction, i.e. of change of place in

a particle (*hfttf̂ mPH<Mq*K*) ). He regards karma

(motion) as instantaneous (^ftnr) in its simplest form,

distinguishing it from vega (impressed motion,

momentum), which is a persistent tendency, Sansk&ra,

and implies a series of motions. Accordingly in one

and the same particle there can be only one motion

{karma) at any given moment, since its change of place

at that moment is one and definite (**^T ^wflw^'jp^

**** Tfrir i HjrcnrnjHTO, uq i5(Hwi). The

supposition of two (instantaneous) motions in the same

particle is superfluous. They may be so opposed as to

neutralise each other, in which case the particle would

be at rest. If they are not so opposed, and motion

(i.e. an instantaneous change of place) follows, then,

since this change of place is a definite change, one

1 The system of transliteration adopted in Chapters IL-VL
differs from that adopted in Chapter I. and Chapter VII.

K
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motion would be sufficient to account for it, and the

hypothesis of two motions would be meaningless

(*re nrq^niSgJwuqsi: it^t ***n$* *mnh riirl^m^Hi^^
—PraSastap&da). One and the same motion can effect

only one particle, as the changes of place of different

particles must be different ^JHr

—

Ibid.).

Now motion is always marked by a certain direction

(i) The successive motions of a particle may be in

the same direction (rectilinear), e.g. (a) upward or

downward vertical motion, as in throwing upwards or

downwards in the case of objects moved by volition

directly or indirectly (^r^rt, ^nrifaqf), or (b) other

forms of rectilinear motion, contraction, dilation (wTyj't,

irctTOif) ; or

(ii) the directions of the successive motions may

be different, as in curvilinear motion (^fipnrfi^u^r-

<|jftj|ftiiiJi*K4 TT^*ra*t), e.g. wro (rotatory motion),

(vibratory motion), etc. All these are varieties of

Gamana (upt, curvilinear motion). SdHjmuif^^:

mq^iHl wreirwr^n^rt ^rodvrif *ro?nr*qr *nni

—

Ibid,

;

cf. &ankara MiSra, mm4 * infwfajpn W^^HW^Hl^-

^5R^R^PRTfl^fq. In another sense, all kinds of

motion in material (inanimate) objects, whether recti-

linear or curvilinear, are called Gamana (*hr).

imA * i ^raw iwnm irj * mr
N
iPRflcfir PraSasta-

pfida, wtovm) 1

Single particles, then, may have a serial motion.

When particles (iw.) combine to form a body (wrcft),

they may move continuously in a straight line, in
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which case the body is said to move in that direction

(mufaftnn i in^q«qftw i fH«<i«irt , the action of a com-

posite whole is determined by the action of the

constituent parts taken together). But different

particles may move in different directions, or again,

the particles may have a curvilinear motion, and in

such cases it appears as if different motions are impressed

on the body, e.g. the falling leaf driven by the wind

may have a rotatory or vibratory motion (w, w^5|)

and a vertical downward motion (^tr) at the same time.

Here each particle of the leaf taken separately has only

one motion or change of place at the same moment, but

from the point of view of the observer jwi, the particles

have a rotatory or vibratory motion in one relation, and

the leaf as a whole has a downward motion in another

relation. The motion at any instant is really one, but

for convenience of analysis we consider the rotatory

change of place as separate from the change of place in

the downward direction. **t\HH ynn( "jpprt

Ibid.

Section 2.

MOTION CONSIDERED IN RELATION TO ITS CAUSES

Various kinds of motion are observed :

—

L Movements which are not caused by contact with

matter :

—

(1) Movements caused by volition (miff), e.g. the

movement of the hand.

(2) Movement as of a falling body. This is caused

K 2
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by gravity (q^it), which in the astronomical treatises

of Aryabhata, Brahmagupta, and Bh&skara is ascribed

to the attraction (wmhf, pulling force) exercised by the

earth on a material body. The force of gravity may
be counteracted by volition (Owiijwm), as in holding

up the hand, or by contact, as when a body rests on a

support, or by Vega (**i), impressed motion, as in the

flying arrow which is kept from falling by the motion

impressed on it

(3) Motion of fluids, as the downward flow in a

stream (*repr). This is due to fluidity which is a

characteristic property of certain kinds of atoms, in

some cases original, in others produced by the contact

of these atoms with the atomic particles of heat (e.g. in

the fire). But Sankara Mi&ra points out that this

property, fluidity, is only a concomitant condition

(wm iftmui) ; the efficient cause (fafinnmqr) is even in

this case gravity (j^w) in the particles of the fluid.

ffrfinnFTOTT^ wim^Tftnm^ (Sankara Mi&ra, Upaskdra,

on Sutra 4, Ahnika 2, Chap. V., of the VaiSesika

Sutras).

(4) Certain motions, not due to material contact,

of which the mechanical causes are unknown, and which

may be ascribed to the universal final cause, Adrista

e
'ff'

the fi18* motion in atoms at the beginning

of Creation, the upward motion of fiery particles or

atoms, and the oblique motion of gaseous particles,

v&yu (*tj), the movement of iron towards the magnet,

capillary motion (*fW«fa) as of liquid particles from the

root to the stem of a plant. The upward motions
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(wrctf*) of water-particles in evaporation and in

boiling do not require the hypothesis of Adrista, as

these are caused by the pressure of heat-corpuscles

(iNn TOT^r) and the contact with air-particles (jflfiiqlMii^

dgnriNfrrni—Vaifiesika Siitra, Chap. V., Ahnika 2).

MEANING OP ADRISTA (^pr).

Adrista (lit. unseen) stands for " unknown cause

"

or "unexplained Nature" in the earlier Vai6e$ika

writers. Several classes of cases falling under Adrista

are distinguished, e.g.—
(1) The operation of merit and demerit (m* and

wfc), a transcendental cause, which has to be posited

in explaining the conjunctions and disjunctions of souls

with their organic vehicles (bodies), which cannot be

ascribed to natural causes, but presuppose the law of

Karma, or the operation of moral causation, as super-

imposed on the natural order.

(2) Various kinds of motion in the different classes

of elements, e.g. their natural modes of operation, such

as the dispersion of vdyu (air, gas), the upward motion

of fire, the attraction of the needle by the magnet, etc.,

motions which serve the ends of Creation and of created

beings (vwttf «q<uu<). Such natural properties must

be ascribed to Adrista, final causality (vroraronprif

w^rwift*), provided the cause cannot be ascertained by

observation or inference.

1. saiwftraH *nflnMflwn qmAmv)—Ibid, wnfappft

amiftm**, etc.

um iunfr * Hiflr TRffii wyrwrft*—Ibid.
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Jayanta in the Ny&ya-Manjarl notes that Adrista is

resorted to in explanation of observed phenomena only

when these cannot be derived in any way from the

operation of known causes

—

mjmirw ft «T firorftr

Wf* ^3 { t ftlMlwm i .nnmiti—Ahnika 1.

Similarly, Jayanta notes that, when anything is put

down as natural we may mean either that it

has no cause or no uniform cause, or no known cause.

Of these the first two alternatives must always be dis-

missed ; and " natural " can only mean something of

which the cause has not yet been ascertained (^rwfrt tun

This sound interpretation of Adrista was afterwards

obscured. In modern writers of the Nyfiya-VaiSesika

school, physical and mechanical ideas have suffered a

set-back, and even the formation of the hail-stone is

ascribed to the operation of moral causes (viftnnfc).

II. We come now to motions produced by contact

(*frr). Such motions may be classed as follows, according

to the nature of the contact originating them :

—

(l) Motion due to direct contact with a body exer-

cising continued pressure (*ft^f), e.g. the motion of an

object pushed or pulled by the hand, the motion of the

mud under heavy stones, the motion of the arrow due

to the pressure exercised by the bow-string, the motion

of the bow-string due to the pressure of the elastic bow

as it recovers its original shape, the motion of clouds,

of volumes of dust, of balloons, sailing vessels and other
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vehicles under the impelling force (pressure, ^t^t, tot)

of the wind, etc. ^ i^mi^m^hkiu i^^h ^: PraSasta-

p&da, <i igrH^Mm -*iN^1imn;M^ ^MMlfl i n-Mr^^^n iHf^ uvpi

\ &ridhara wr^Wr wrffrmmt tfnranrt ftrm^T-

^hrt (balloons in the sky) *flm$Mt ^ HTHMiiMbjM^iOHl

HtfMc*^*^ vfax*: (Udayana, Kiran&vall, ^n^frcwO -

N.B.—Udayana makes a similar reference to balloons

filled with gas or smoke (wrjfnnnfcj**) in discussing

the opinion that air has weight (Kiran&vall, ^rjftf-

tct^). These passages show that balloons were known

in Udayana's time (970 a.d.—vide ^ir, Laksan&vall).

(2) Motion due to direct contact for an instant with

a body that strikes and produces an impact (wfa*nr),

e.g. in the cases of a stone falling against a hard object

(MiMiqifqif ftrgr^fq wfmiftrij—Srtdhara), the potters

rod striking the wheel, the mortar struck against the

pestle. Instantaneous disjunction is necessary to

impact. If there is continued contact, the result is

pressure (*rt^r). In some cases there may be disjunc-

tion (i.e. a rebound) after continued pressure (^ vfW^nn*

"5*t ^JF^f wftrpg ftirf^^ft ^ftw ^nnrfk—^rtvt

—

•<jiji*»4$1).

(3) Motion due to direct contact with an elastic

body which exercises a moving force by means of its

elasticity (ffcrfiTOnpiw) in the act of restitution of the

original form (inrrftmt wrrofir), e.g. the motion of the

bow-string due to the force exercised by the piece of

bamboo (the bent bow). This force of restitution in

an elastic body is a kind of sanskdra, i.e. persistent

tendency (vg:^ifiiiiff^^ i(\w^iiw i fi;j yw^rfiiH^ flwftrwr-

^ggnr—mmm^m , bows, twigs, tooth-bones,

horn, thread, cloth, etc., are noted as elastic).
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(4) Motion due to contact with a body which is

itself in contact with another which possesses Vega

(impressed motion or momentum) (^n^^rtlgiahftn).

This is the fact of the transmission of pressure or

moving force, and the consequent production or com-

munication of motion, as, for example, in the pulling of

an object by means of a string, the pushing of the

potter's wheel by the potter's rod, etc.

Section 3.

CAUSE OF MOTION, OR FORCE.

Force is of the following kinds :

—

1. Continued pressure Oft^r).

2. Impact (*fW*nr).

3. Persistent tendency (^ktt), of which there are

two kinds : (a) Vega impressed motion, momentum),

the persistent tendency to motion in a moving body,

and (b) the tendency to restitution of shape in an

elastic body (ftqflrwnnrt«pc).

KB.—The psychical sanskdra (m^n) is here

omitted.

4. Transmitted force, as in pulling by a string,

pushing by a rod, etc.

5. Gravity.

6. Fluidity.

7. Volition.

8. Adrista, comprising various unknown agencies.

In every case of motion produced by contact, Vega is

a contributory cause, as the body originating the motion

must possess Vega (impressed motion, momentum).
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The Concept of Vega (WvNtarc).

A motion (karma) being conceived as a change of

place in a particle is held to be incapable of producing

another motion; but the pressure, impact, or other

force which produces the first motion produces through

that motion a sanskdra or persistent tendency to motion

(Vega), which is the cause of continued motion in a

straight line, i.e. in the direction of the first motion

The Vaisesikas accept one sanskdra (impressed

motion, momentum) lasting till the cessation of the

motion. Udyotakara and other writers of the Ny&ya

school suppose a series of sanskdras, each generating

the one that succeeds it. (*taiTTU fnOtuariwiHl unrir

y^nminny: 115 **3*rarnrrn tatnanrnteft w*gvrojgf*nr.

—

TOtfa* i) It will be seen that the Ny&ya view is

adequate to explain acceleration, which it logically

implies. The force of sanskdra (jrffc) diminishes by

doing work («ui|*Hqm ) against a counteracting force,

and when the sanskdra is in this way entirely destroyed,

the moving body comes to rest (taroft *w^MJMHjiiffl i

inn to^ ^Nt^ ^ftK *rhri* inn im\ *u9«^jii*wfi;-

H^finyw i nil—Whit—*n*-*?^-w»ftq?*)* Vega, it will be

seen, corresponds to inertia in some respects, and to

momentum (impressed motion) in others. This is the

nearest approach to Newton's First Law of Motion in

the Vai6esika theory of motion.
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Vega (impressed motion), or this tendency to move

on in a straight line, is counteracted by contact with

tangible objects (wj^q*ftii), e.g. by impact or friction,

including friction with the still atmosphere (ftcrftnnnj),

as in the case of the arrow.

Vega (momentum) produces work in opposition to

the resisting force, and thereby becomes weaker and

weaker (mqnx in^ws) until it comes to an end (mr

ftWT-W^Ij: *M3^S^dflj|-Pq$H(*Hl *ft PraSastap&da, ^ik-

Causes of Pressure (^f^r) and of Impact (wftrmw).

Pressure is produced by contact acting in conjunc-

tion with Vega (impressed motion), elasticity, gravity,

fluidity or volition, e.g. the Vega of the wind produces

pressure farter) on the grass, that of a current of water

on the reed, that of the bow-string on the arrow.

Gravity with contact produces pressure, as when the

earth sinks under a heavy load.

Impact is produced by contact with a body possessing

Vega (impressed motion) where the contact is instantly

followed by disjunction (or rebounding). If the contact

continues, the result is pressure ('ft^r). (mr *J^i*-

nfVwiJkfj: ^rei vfon wrctf nwi^ i^njjrg

H^ftr w*rert &ft*\'fs$m fwm^j: tor
-wwi * *ifW*nr imv^ ^jf-^prj wi$**fir—Hjweror^-wi i)

It is expressly noted that the four elements, earth,
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water, air, and fire, are all subject to the forces of

pressure and impact. Pressure and impact may be of

different degrees (irtwn^rflfH^). So also Vega (impressed

motion, momentum).

Illustrations of Combination of Forces.

(1) Pressure acting concurrently with impressed

motion or Vega, as when the moving hand possessing

Vega throws the quoit or a projectile. (mi0*13*3

*i«i«iftflu) (wtt: <taKH^HiHit nxm^ fcrfrfoj wftr *rre^ iwiftft-

Similarly, in the case of the bow-string impelling the

arrow, or the potter's wheel impelled by the rod, the

first motion is due to pressure fata^i), and results in a

sanskdra (persistent tendency to motion, impressed

motion or momentum), but the subsequent motions are

produced by the pressure acting concurrently with the

sanskdra (impressed motion), (itottj 4cttti^ ^ft^^M^pnn

ton^i ihgn^ i Whrc, *n*-*^ft, i)

(2) Impact (*6r?nr) with impressed motion fa^sr*),

as when the mortar thrown by the hand rebounds after

striking the pestle (d*jmjqq i^ ufaum^ g*^ ??^nR-**ft

—ujrenn^ >rr*i).

(3) Pressure ('ft^f) acting concurrently with impact

(*ftr*nr), as when the mud sinks when we strike against

the ground with the feet. Here, if the feet be not in

contact with the mud, but only with the surrounding

ground, there is transmitted force OtyjRfrftr).
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^ftnmf^j m& wfir i—Pra6astap&da.)

(4) Gravity concurrently with sanskdra or persis-

tent tendency, as in the case of a falling body in the

second and following instants. Also the case of a stone

thrown against the mud, where gravity (the weight of

the stone) com&ines with the Vega of the stone to

produce motion in the mud (PraSastap&da). (vrt

3^'*i\ wfir i iHi wrtan tarn fturir inpnirt ^nrw^Tftr

g*M**lJ3iKi*it %ii«if} wftrftr uiNf wn^mmum^—Whit.,

^TO-v^rt, TOWii-^ftfTOW i) This case will be

further noticed below.

Udyotakara, the commentator on the Ny&ya-Bhft§ya,

states that a heavier body falls to the ground with

greater Vega (and velocity) than one that is lighter.

Udyotakara also holds, and &rldhara agrees with him,

that the gravity (g^w) of a body (wroft) as a whole

composed of particles (*wnn:) is not the same as the sum
of the gravities of the particles. There is a difference

in amount which is, however, so small as to be im-

perceptible. The concept of mass in the New Mechanics

of Lorenz may lend some countenance to this curious

metaphysical speculation, (drfdhara, jpBTf*l, g^arfroro^i)

(5) Volition acting concurrently with gravity, as in

lifting up the hand. This is accompanied by transmission

when an object, e.g. the quoit, is lifted by the hand.

Sansk&ra (impressed motion, momentum), with or

without pressure (*rtapr) or impact (*finmr), may be

transmitted (^irtpq wroro a*flnjM*iflg ift^rnr
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Composition of Gravity with Vega {Momentum).

When a body is let go and falls to the ground, the

force acting on it is gravity (g^w), which the astronomers

ascribe to the attraction of the earth. Motion is pro-

duced in the first instance by gravity alone, and this

leads to a sanskdra (impressed motion) in the same

direction. But the force of gravity continues to operate,

so that, in the moments following the first, the motion

is due to gravity as well as sanskdra. The resultant

motion is one, but both the causes must be conceived

as contributing to the resultant. The reason for

supposing this combined action is that both gravity and

sanskdra (impressed motion or momentum) are seen

elsewhere to produce motion separately.

In the case of the falling body, therefore, there is

the composition of the two, gravity and Vega, acting in

the same direction (Tmum^ju) from the second instant

onwards. It is as if two motions coalesced and resulted

in one.

Here a good foundation is laid for the explanation

of the accelerated motion of falling bodies, but Galileo's

discovery was not anticipated, as Galileo's observations

and measurements of motion were wanting, (wnt wwt

—Jilium^, •)

But in the case of the flying arrow or other projectile,

the impulsive force which produces Vega counteracts

the force of gravity ; in the end, this Vega is lost through
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friction with air, and then gravity (g^w) brings the

arrow to the ground. The meaning of this " counter-

action " is not clear. Is it intended that the action of

gravity is suspended as long as the Ve^a continues?

We have seen that, in the case of a body let fall,

Pra6astap&da expressly states that gravity (g^w) and

sanskdra (Vega, momentum) both act in the second and

following instants. Pra&astap&da seems to have thought

that some sanskdras (e.g. the Vega of an arrow or other

projectile) suspend the action of gravity (g^Pt *ftmwR

diSKfcOfVij Pra6astap&da, gnw^ i uftnpym vnnt

^gCTtT^rronnf^fii PrafiastapSda, **fawr). Other san-

skdras (e.g. in the case of a falling body) coalesce

with gravity to produce a single resultant motion.

The later commentators (from &rldhara downwards)

certainly interpret the VaiSesika Sutras in this sense.

Motion of a Particle in the Case of a Composition of

Forces.

Any number of motions or Vegas may be impressed

on a particle, but so long as these are in a uniform

direction (finnrfif^f^rf) the resultant motion or Vega

is in a straight line, and may be conceived as one

(flrrhniRff^-t^^ PraSastapsida, vSxn*). It is only

when we come to Gamana (curvilinear motion) and its

causes that the question of composition assumes a real

significance. In all such cases, each separate particle

has only one Vega (impressed motion) in a definite

direction (fimrfipnfagw) at any given instant, but the

composition of the successive motions and Vegas in the
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same particle produces the curvilinear motion (t*r),

e.g. the rotation of each constituent particle of the

potter's wheel. The motion of the body (wrrt, e.g.

the wheel) results from the combined motions of the

particles (wvnn:). If pressure or impact produces

motion in an opposite direction to the Vega already

impressed on the body, the original direction would be

changed, as is seen in the case of rebounding (^hr)
after impact (*ftr*nr). The mortar rebounding after

striking the pestle is a typical instance of such change

of direction in Vega or motion. The impressed force,

e.g. impact (*fW*rw), produces a changed motion in a

different direction. One view is that the original Vega

(momentum) is destroyed before a new motion and a

new Vega are produced by the impact. Others hold

that the impact does not destroy the original Vega

(momentum), but conjointly with it produces the

changed motion and, through such motion, a changed

Vega in a new direction. ("^jftSfj^R^taftr^nnws J«Tl*iV

ml^mwuT *rafir *nnn hhr w ^5 **src wfi^nnn wft?rrr^

*nft*nc ^fvr et seq., Pra6astap&da, \)

Typical Cases of Curvilinear Motion (Gamana).

Vortical Motion.—This is due to the contact of two

bodies moving in opposite directions with a like or

equal Vega, e.g. two currents of air or water meeting

from opposite directions. The change of direction is

seen in the fact that water which flows downwards, or

air which moves obliquely, may receive an upward

Digitized byGoogle



144 THE POSITIVE SCIENCES OF

motion as the result of such collision. (w* ftirfa* 4^44

PraSastapfida, *Tgflrort). The scholiast Udayana adds :

&rtdhara notes : flu4«i firann *-*5*itif fjm 1 4^ MumjfiHjfl-

fnnnn—^rfdhara.

)

Vibratory Motion (*«pr, ot^t).

This will be analysed in the chapter on Acoustics.

Rotatory Motion (wrcr).

Each particle of the rotating body, e.g. the potter's

wheel (to), has, at any given instant, a motion in a

definite direction. The rotatory motion of the body

results from the separate motions of the particles and

their persistent tendencies (tf^uro:), joined with the fact

of the rigid conjunction of the particles. When the rod

strikes one part of the wheel, the motion in the part

struck is in the first instant produced by impact

(*f**Tw) ; while the other parts move through the

transmission of force due to the rigid cohesion of parts.

The subsequent motions in the part struck are due to

continued pressure and the persistent tendency

(*Nsrt) set up by the first motion ; while the subsequent

motions in the other parts are explained by their own

persistent tendencies and the transmission due to rigid

cohesion. When the rod is disjoined from the wheel

the rotatory motion continues, being due merely to the
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persistent tendencies in the constituent parts and the

resultant persistent tendency in the whole.

Other varieties of curvilinear motion in bodies are

to be similarly explained (i.e. by the composition of

Vegas) (im TOflfj wnnm m^hr: HfarHJidfl^HliftjiftqT-

wwrftfftr \ n*Hfajin i :—Pra&astap&da,

—

***tp*t \

^fasmj CT^ft iffnffafrro—&rtdhara).

Section 4.

MOTION OF FLUIDS.

Current motion (*M^H, downward flow in a stream),

upward motion (*nfaqr, e.g. evaporation, boiling, etc.),

and capillary motion (*f»reta, as in plants and porous

vessels) are three varieties of fluid motion which require

explanation. To this may be added vortical motion

and *p^*!, wave motion, which will be noticed

in the chapter on Acoustics.

1. Current Motion (w^t).

This is conditioned by fluidity in particles, but

&ankara Mi£ra notes that in the downward flow of

water, gravity in the fluid-particles is the efficient cause

(jjMK ffrfaw*TOT^ w^nrTftmK^g— Ankara MiAra,

Tntmr). When the water is enclosed on all sides, as in

a vessel, the downward flow (*TCH) is counteracted.

Here the fluidity does not produce motion, because, in

the case of the particles in contact with the enclosing

L
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body, there is the resistance (wfirro) of the latter, which

is transmitted to the other particles, and this counter-

acts the fluidity. (fftrffyjiHWMl gigTftfinftrcfaf tc^

gncthremrgreTfti dyUNVh wflimft— PraSastap&da,

2. Upward Motion (^rrt^r, e.g. evaporation).

In evaporation the fluid-particles are rarefied, and

remain in a fine state of suspension ; the rarefaction is

due to the impulse (tftf*) or impact (wfmnr) of the heat-

particles in the sun's rays, and the upward movement

is due to their contact with the air under this impulse

or impact &ankara MiSra notes that in boiling there is

a similar upward movement of water-particles under the

impact of heat-rays. {hvpH *roWfrnn *nfotf h^hhtUh i^

3ywNfrn^ ^ i Sutras 5 and 6, Ahnika 2, Chap. 5, Vai&e-

sika Aphorism, to sngrtan wro bpwht: mjgw^-
tj*nr Tufar—^ankara Mi£ra, ttokk i)

N.B.—These two Sutras of Kanfkda have been inter-

preted by the late Gang&dhara Kaviratna in his com-

mentary to refer to the upward conduction of water in

pipes by the pressure of air.

The mention of the transmitted pressure (<taM)4l'i)

of the air seems to lend some countenance to Gang&-

dhara's view, and the word N&di (^ttc) offers no difficulty,

being taken in its usual sense, " pipe " (hiP#*i, Nalik&),

while the current interpretation does violence to the

common acceptation of the word.

3. Capillary Motion (*fa*irtr).

Two instances are given—the ascent of the sap in

plants from the root to the stem (wfaw: *rifa 339 ftifiWiT-
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^nint^—&ankara MiSra), and the penetrative diffusion

of liquids in porous vessels, e.g. of the oil or ghee in

an earthen jar (ywnft vmfj(l;4Ml ^gwr^hfl FWt
Heat-particles have a like penetrative power (^rrtrfirchft

yhreqjhr^nqfirefrr.—Jayanta, -<iiwO, Ahnika 8, ^f^rot

This is ascribed to adrista, as the cause cannot be

ascertained by either perception or inference (including

hypothesis) (unroiTgwRWt wyq^^WMJHMJ^—&rldhara).

Section 5.

INTERESTING EXAMPLES OF MOTION ASCRIBED TO
ADRISTA (UNKNOWN CAUSE, UNEXPLAINED

NATURE, FINAL CAUSE).

The first motions in primordial atoms at the

beginning of Creation are attributed to adrista.

Among movements in masses of matter so caused are

noted the motion of the globe of the earth and similar

other bodies (h|I£4m1 gJltynO^t *kHM,—PraSa-

stapida with Sridhara's commentary, vfcfir). Most

probably this means earthquakes, tides, etc. Aryabhata

and his school would no doubt bring under this head

the diurnal motion of the earth. It is interesting to

note in this connection that Bh&skara refutes the

Buddhist hypothesis of the earth falling perpetually

in vacuo by arguing that the earth must remain

balanced in space as there is nothing outside to

attract it.

The movement of the needle (iron in general, as

Sankara Mi&ra notes) towards the magnet is another

L 2
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example of unexplained motion in matter. Cleaning

and right-placing of the magnet (*mH^, ^ijwhhJ are

necessary (^fhrt i«H», * ifrying *\\,

^^WHii^g^fiiiiiif^CT^—^ankara MiSra).

Similarly, amber attracts grass, straw, etc. (mijtiIH-

W*imI ^KTRt n»n!—Sankara MiSra, on Sutra 15,

Ahnika 1, Chap. V.).

Involuntary movements of the hand under the

influence of the hypnotist's mantras (incantations) are

also attributed to adrista.

Section 6.

MEASUREMENT OF MOTION.—UNITS OF SPACE
AND TIME.

The solar day was taken as a natural measure or

division of time. In the Ny&ya-VaiSesika school the

day of twenty-four hours (solar) is stated to contain

30 x 30 x 30 x 1 8 x 2 x 2 units of time (ksanas). The

Ny&ya unit of time therefore measures of a second.

The smallest measure of time mentioned by the astrono-

mers is the Truti, which is 33 * 50 of a second.

The natural measure of length was the cubit (Hasta),

of which there were two fixed standards, the greater

and the lesser cubit. The smallest measure of length

mentioned in the &ilpa-64stra (Technology) is the

Param&nu, which is about J49W5 °f an This is

the same as the Trasarenu of the Ny&ya-Vai&esika

school, which stands for the thickness of the minimum

visibile (the finest mote perceptible in the sunbeam as

it comes slanting into a dark room through a chink).
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Average velocity (^nrfir—Bh&skara) was measured

s
in accordance with the formula v = -, but no unit of

velocity appears to have been fixed upon. There was

no idea of acceleration, and of course no measurement

of force. Mahavir&ch&ryya gives formulae for com-

puting the space travelled over in cases of Sankalita-

gati (velocity with regular increment at stated

intervals), but this does not amount to accelera-

tion, as the intervals are not indefinitely small.

Where the velocity is uniform, the interval of time

may be of any amount (^yin^), but where the

velocity is variable (ufirwrt T **m?fir:—Bh^Lskara), an

indefinitely small quantity of time (f^nin?) must be

taken ; in other words, the positions of the particle in

two successive instants must be considered, and the

velocity must be supposed to be uniform during this

interval (conceived as indefinitely small, ^jp). It was

in this way that Bh&skara determined the instantaneous

motion of a planet (imPKTfgnri nfir).

Component of Velocity.

The astronomers measured the motion of a heavenly

body in different directions (longitude, right ascension,

etc.), and calculated separately the components of

motion (nfinisn:) in these directions, and they adopted

the device of transferring such component velocities

from one body to another in the computation of

relative motion (e.g. *rfw w^rSfar <$wii$l ^f^brefvft

J|fr*cSi nftprc—Bh&skara, Siddh&nta-&iromani,

Ganit&dhy&ya, Ghatisphuti-prakarana).
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Section 7.

NOTION OF THREE AXES.

Motion, we have seen, was defined as the change of

position of a particle in space. To conceive position in

space, V&chaspati takes three axes, and the position in

space of one particle relatively to another may be

indicated by distances measured along these three axes.

This remarkable analysis (circa 842 A.D. : to^^ttrt,

V&chaspati, Ny&yasuchlnibandha) anticipates in a rudi-

mentary manner the foundations of solid (co-ordinate)

geometry, eight centuries before Descartes (vide p. 118,

supra).

The Principle of the Differential Calculus applied to the

Computation of Motion ( Variable Motion).

Bh^Lskara (1150 A.D.), in computing what he calls

the " instantaneous " motion (flin*iP<$*1 nfir) of a planet,

compares its successive positions in two successive

instants, and regards the motion as constant during

the interval, which he conceives to be indefinitely small

This is equivalent to the determination of

the differential of the planet's longitude, and the process

bears "a strong analogy" (to quote the words of

Mr. Spottiswoode, the Astronomer Royal) "to the

corresponding process in modern mathematical astro-

nomy." I have elsewhere shown that Bh&skara's process

was not merely analogous to, but virtually identical

with, that of the Differential Calculus, Mr. Spottiswoode's

cautious reservation having been due to his want of

acquaintance with the original and the insufficiency of

the materials placed before him (vide pp. 78-79 supra).
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Section 8.

RELATIVE MOTION.

The phenomenon is noticed among the hallucinations

of sense (•ttofcttj'i *mrc *i4m^ir«i ftrwnrfar wro wnnf^ irn^

—Kum&rila, &loka-V&rtika, p. 520). Astronomers like

Aryabhata and Lalla, who believed in the diurnal

revolution of the earth from the west to the east,

explained the apparent revolution of the starry heavens

in the opposite direction by the principle of relative

motion.

Section 9.

SERIAL MOTION.

Several Sant&nas (series) of motions are incidentally

noticed, e.g. vibration (*nwr, vwnwpr), wave motion

(qlfafiij), current motion (*TCh).

In an interesting passage, Charaka notes three

instances of serial motion, viz. those of water, sound,

and light (hsjwr, jra^Pirrc and wffcwnr), to which he

compares the course (*rarro) of chyle (or chyle-blood) in

the Dhamanis (veins) and other ducts of the body.

Dalvana thinks that downward, oblique, and upward

currents of chyle are respectively intended by the three

illustrations; but Ohakrap&ni points out that the

Sant&na (wave) of sound travels in all directions (the

same is of course true also of light), and that differences

in speed (and not in direction) are here meant In

other words, a Sant&na of sound travels more rapidly

than that of water, and less rapidly than one of light

(hWuhih ), and Charaka's meaning is that the metabolic
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course may complete its circuit with greater or less

speed. Whether, in this passage, the three SantAnas

are viewed as waves or currents, is not specified ; but

the difference between a wave (^ftf*) and a current

(fq^n) was well known.

A current of water (w^r, downward flow) consists

of particles moving in an uninterrupted series under

the action of gravity and fluidity (jpSW and jwa,

&ankara MiSra). A wave (<flP*flijf), on the other hand,

is constituted by the transmission of vibratory motion

in the water-particles (e.g. Jayanta, ^w^ro-

—Ny&ya-Manjarl, Ahnika 2).

A ray of light, on the other hand, was supposed to

imply the rectilinear propagation of indefinitely minute

corpuscles in all directions, with inconceivable velocity,

and a sort of conical dispersion (^fVroftfis ^mfinpro ihr.

wrtflr yraani—Udyotakara, V&chaspati).
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CHAPTER III.

HINDU IDEAS ON ACOUSTICS.

Section 1.

ANALYSIS OF SOUND.

The Mimdmsakas.—In their analysis of Sound, the

Mim&msakas distinguish between three elements: (l)

N&da, a quality of V&yu (air), which is the physical

basis of audible sound
; (2) Dhvani, sound as heard,

audible sound ; and (3) in the case of significant sound,

Sphota, " transcendental" or "intelligible" sound,

representing the Platonic ideas or logoi, which are

eternal (ftra,) ubiquitous («irwr), and noumenal (frovrc,

lit, without substrate or ground—Kum&rila). The

Sphotas are manifested by the Dhvanis (audible

sounds), of course only in the case of words (jr*?, 3*t).

Upavarsa, the teacher of Panini, rejected the Sphotas in

favour of the Varnas, which were conceived to be

"phonetic moulds" with natural significance.

As regards sound in its physical aspect and the

mode of its propagation, some of the Mimdmsakas

content themselves with saying that V&yu (air) has a

special quality (N^da) which causes audible sound

On^t ^rrjTpr: *nj*r ^ft? *rairir—Kum&rila, Sloka-V&rtika

;

*Tgr* an^rf^Rt^^ *reg«nrt fmik, iKwft ^rj^rft

*f?jw*PV— P&rtha - S&rathi Mi&ra, Ny&yaratn&kara).
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Others, including the teachers of the &iks& (Vedic

chanting), hold that the physical basis of sound is a

series of air movements (*Tyaran*f, cf. Udyotakara's and

V&chaspati's reports) ; in other words, the air-particles

themselves flow in a current in all directions, being

obstructed in their path by the impact of tangible

objects (i.e. material bodies), and the movement ceases,

as in the arrow, when the moving force is thus

exhausted (e.g. * >reprihrtffrg i^wwftiflw;

^njmifr f £t jpyrtfir . . . ftrwrft^ m«f i in«ifc n^umji
—Jayanta, Ny&ya-Manjarl). But the orthodox Mim&ms&

view is that of the Mim&ms& doctor, &abara Svflmi, who

holds that N&da (the physical basis of sound) is a wave-

motion of air, being the transmission of conjunctions

and disjunctions in the minute particles of air, the wave

originating in the first impact, and being continued by

the successive impacts of the minute particles (e.g.

(17-1-1) wfamTR ft ifftwr fttrfinnf* quqmjfa

wyirwj fj vq^raw i ^frrorj www ^ ^nprrt

*H3*wrifr jnc— Sabara-Bhfisya, Sutra 13, P&da 1,

Adhy&ya l). In this view, the particles of air

(qmqqq i :) are subject to a vibratory motion (a sort of

parispanda) in the production of sound (liOUm^fagHQ

—Jayanta, Ny&ya-Manjari). The V&kyapadiya describes

articulate sounds (varnas), and indeed all sounds

(sabdas), as only forms of air set in motion, with rare-

faction and condensation (fw), and capable of variations

of velocity and configuration (^rarAra to&v q^ft^ig-
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Wr^nrft^r: ^ftrmn^ fw*ra mr**ft*fa ^hr. i V&kya-

padlya, KAnda 1, Sloka 109).

Ny&ya-Vai&esika.—The early Ny&ya writers hold

that the sound-wave (jimwim) has its substrate in

Akh&A (ether) and not V&yu (air). Later writers (e.g.

V&chaspati in the Tattvavindu) add that sound itself as

a phenomenon is not to be conceived as a mode of

motion (parispanda), for AMSa, the substrate, is, in

the Ny&ya view, incapable of motion fa mm^ nft&tffmm

Tattvavindu). At the same time the propagation of

sound must be conceived on the analogy of waves in

water (VlP*<u»^m). Udyotakara in the V&rtika,

Vichaspati in the Tfttparyyatik&, and Jayanta in the

Ny&ya-Manjart controvert the three views current in

the Mim&ms& school—(1) that N^da, the physical basis

of audible sound, is a specific quality of V&yu (air),

(2) that sound, in its physical aspect, is constituted by

a series of air movements of the nature of a current

(q i flUHi H) , and (3) that it is not air-currents but air-

waves, series of conjunctions and disjunctions of the

air-particles or molecules (to^wj, qigmiuuq:), that

constitute the N&da, the sound physical, to which, in

the case of significant sounds, the Mim&msakas assign

the function of manifesting the Sphota, " transcendental"

or " intelligible " sound (logos, the word). Vide

Udyotakara V&rtika, Adhy&ya 2, Ahnika 2, Siitra 14 ;

also T&tparyyattk&, yrynirpft m ^ ^n^^t
31 ^himIjhw ^rtWwnrowT h^Pw ^nnsrT^, etc.,

loc. ext. Against these views the early Ny&ya doctors
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maintain that sound is a specific quality of Ak^a
(ether) and not of V&yu (air). At the same time

they admit that the impact which originates the sound

phenomenon (wroq^fw hh ih^^h i Pi f*$wg*r) in Ak&6a

does so by setting up a vibration in the molecules of

the object struck {e.g. a bell), and that these vibrating

molecules impinge against the air-molecules in contact

(towipt:, w tmiOmq ig:). In other words, though

AMSa is the substrate (
,«T*nr), the efficient cause of

sound (fsfftnmrr^ff) is to be found in the mechanical

impact (vftronr) of vibrating molecules of sonorous

bodies against contiguous molecules of air. As to the

propagation of sound, the early Ny&ya-Vai6esika writers

content themselves with stating that the first sound

thus produced in the substrate Akfi£a by the impact of

the vibrating molecules {e.g. of a bell) against the

contiguous molecules of air, produces a second sound in

the contiguous Akfi£a, and the second sound a third,

and so on, in the same way as waves are generated in

water, until the last sound sets up a vibration in the

ear-drum (*rifcnsf%). Of course, this propagation of

sound-wave in AkSAa (ether) is effected by means of the

air-wave as its vehicle. This is the Ny&ya-Vai6esika

hypothesis (*WRt) of an independent sound-wave

(jt^-wr). Ak&6a (ether) is motionless, but the air-

wave would not be transmitted if the air-molecules

were not interconnected by Ak&Sa. PraSastap&da, the

VaiSesika doctor, for example, describes the first sound

as giving off a second, the second a third, and so on,

expanding in AMSa, in the same way as waves are

supposed to propagate themselves in the ocean.
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SK^squug : ^JiDHmq^n: .... gnwg*frftm*fcm?n^

*fonifo*PTra vrwmni Pra6astap&da, w hs^Nt d<|«iqfiiM

H^fir wht *w fl^wnft n*fir i to*t «4hi fin ftuairiwig

etc. (&rtdhara, 'Aid.). On this hypothesis the locus of

the sound at any moment forms a circle in Ak&£a, and

the propagation is carried on in the air by means of

ever-expanding circles, as in the case of waves in water.

But this analogy is rejected by some (e.g. Udyotakara),

who hold that the first sound gives off not one sound

in a circle, but an indefinite number of sounds in all

directions, and each of these again gives off another,

and so on, so that sound may be said to expand by

successive concentric spherical layers, even as the

Kadambakoraka (the so-called bud of the Nauclea

Kadamba) expands by successive concentric spherical

layers of filaments which shoot forth from one another.

On the first of these two hypotheses, the air-wave

implied in the transmission of sound is of the nature of

what we call transverse waves ; on the second, of the

nature apparently of longitudinal waves. In any case, it

is clear that the orthodox Mim&msa view of Sahara Sv&mi,

that the air-wave constituting physical sound means

a series of mere conjunctions and disjunctions of air-

particles with rarefaction andcondensation (e.g.
,^Wtf^nr-

*ftnPwmT^mJhr, Sahara, JTO, V&kyapadlya), implies

longitudinal waves, qlfaJKjMiiJM wjwftnj wtftirT

amnjjqftr: wsrffwn* (V&van&tha, Bh4sh& Parichheda,
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Sloka 165) ; rfnjrwrf wi Mftift: i mm: *ftn-fin?m-

wfir (Udyotakara, II, 2, 14). As the momentum of

the impact series (which constitutes the efficient cause

of the sound-wave) grows feebler and feebler in the

course of transmission through the air-particles, the

sound at last dies away. Gange&a, in the ChintAmani,

holds that the propagation is not from molecule to

molecule, but travels in ever-expanding circles as in

water-waves, perhaps in spherical layers by compression

of masses of air; and these air-waves, the vehicles of

sound, are exceedingly swift. . This explains the velocity

of sound. jnSfa * ^yfipr^m^ftroyCT^ * jrttw*

^jtfijflff *nt«pft ^rjrc; JiwrMi ^ftr (GangeSa,

Tattva ChintAmani).

But how does the first sound produce the second,

the second the third, and so on? At every step the

efficient cause, the impact of some vibrating molecule

against a contiguous molecule of air, must be posited,

and this is equally applicable to a sound produced by

a sound as to one produced by conjunction

and disjunction (*frnr or fwron). In other words, the

sound-wave (jkwam) in AM6a necessarily implies an
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air-wave. The Mim&msaka view, then, that explains

the propagation of sound by the transmission of the

original oscillatory motion through the successive layers

of air by means of successive impacts or pressures

producing conjunction and disjunction of air-molecules

farofalT: iMfinftwiJii:—&abarabh&sya), or rarefaction and

condensation (jto—V&kyapadlya), is also implied in

the Ny&ya-VaiSesika doctrine of the sound-wave

(jK««m), the difference being that in the latter the

air-wave, which is conceived as a mode of serial motion

(nfiMFiTR), is only the vehicle or medium of propagation

of a so-called sound-wave in Ak&6a, which is not itself

a mode of motion. This is what we find expressly and

elaborately formulated in the later Ny&ya-Vai6esika

(vide GangeSa, Chint&mani, supra).

Section 2.

ANALYSIS OF VIBRATORY MOTION, e.g. OF A BELL
(IN AIR).

The molecules of a bell vibrate when the bell is

struck. The question is—what is the nature of this

vibratory movement? V&tsy&yana and Udyotakara

answer that, when the hand strikes the bell, some of the

molecules are displaced (from their stable position

—

i.e.

there is karma in the molecules), and thus a Sansk&ra

(here a kinetic Sansk&ra, momentum) is generated

(*3iTC, 4Ui*iwiM<Usk—V&tsy&yana and V&chaspati), and

the molecules swing forward under the action of this

Sansk&ra until they strike the contiguous molecules of

air. This now is a case of mutual impact, which divides
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the momentum between the colliding masses, and the

bell-molecules begin to swing backward, the motion

continuing under the action of the diminished Sansk&ra

until they come in collision again with other air-

molecules; and then the process is repeated, and the

bell-molecules begin to swing forward and backward

until the original energy which is parted with in some

measure at each impact becomes so feeble as to be

unable to produce any kinetic disturbance

Similarly, the air-molecules themselves are set vibrating

by means of these impacts, and the transmission of the

motion would form the wave of air, which the later

Nyfiya-VaiSesika expressly posit as the vehicle of the

sound-wave. But Udyotakara never conceived vibration

in vacuo, nor does it appear if he meant to include the

second species of Sansk&ra (elasticity, Sthitisth&paka-

sansk&ra) as converted from its potential state (wwWpniT)

into kinetic energy, and thus contributing to the

momentum (vega). He uses the generic term Sansk&ra,

which comprehends elasticity as well as momentum due

to impressed force. His commentator, V&chaspati, does

not go into details, and does not analyse the momentum.

Later writers, however, expressly state that elasticity

(SthitisthApaka-sanskfixa) is one of the causes ofvibration,

and that elasticity resides not only in the element of

earth, but also in air, water, and tejas (cf. ViSvan&tha).

^icniwftf^wnfnrt aiuakaO h*$r{ ^fw ^ftn^rwrrr-

grecwrnftfr wftni^f *irir (V&tsyfiyana, II., 2, 3, 6) mfarthiw-

qqqHJ«im«**JU: ^fr-ngrtfrgWT^ M lfa'MfrllMq i^ *lET*t
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inn vfcir: 4?stt: iUsRju jt: jj«t$i{jMUf ^w^pnflpm^f

mh ^muft^: anrrttarewpi tfw (1) Udyotakara V&rtika,

Adhy&ya 2, Ahnika 2, Sutra 36. (wnr^^nreyysi

qiflummq WTweftmft *tj:—V&chaspati, T&tparyyatikS,,

loc. cit.
y

also ?teKrt wttfw). But cf. ViSvan&tha,

*Pw* *P5*fii BhfoM-parichchheda, &lokas 157-

159.

As the air-wave forms the vehicle of the sound-

wave, if it does not constitute the sound-wave itself,

the favourable or retarding influence of currents of wind

is easily explained. The presence or absence of water

(and other intervening objects) offering greater or less

resistance to the transmission of the wave-motion also

easily accounts for the greater or less distance to which

the sound is carried.

Section 3.

ECHO.

nftrdftf (Echo) was supposed to be a reflection of

sound. Some consider it to be an after-sound, a sound

generated by sound. Others suppose it to be due to

the reflection of sound in the same way as an image in

water or in a mirror (ufirfawr) is due to the reflection of

light. There is an element of hallucination in either

case
(jftMfuimftijw)—the image in water is not a real

image, neither is the echo the real sound it is taken to be.

M
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jit* qffrmflrjnft ftanfrct i<$i(tyw $ftr i—Vijn&na-

bhiksu, Pravachana-Bh&jya, Chap. L, Sutra 87.)

Section 4.

PITCH, INTENSITY, AND TIMBRE.

Sounds differ from one another by their pitch

(wn?n?Tfi^)> by their intensity (irtw^Tf^), and by

their quality or timbre (wrmnsr When a bell is

struck, an indefinite number of notes (^fini^, tones and

overtones) are emitted, of varying pitches ; and the

notes die away, becoming less and less intense. Now,

we know that the molecules swing to and fro, and that

the, Sansk&ra (momentum, vega) of the vibrations

(nwmmHdWT) grows feeMer and feebler. The differ-

ences in pitch (tones and overtones) as well as in inten-

sity must be due to variations in the Sansk&ras of the

vibrations. The distinguishable pitches (called Srutis,

^fiw^) as well as the degrees of intensity (irtw^)

must be ascribed to variations in the vega (momen-

tum), and, by implication, the frequency, etc., of the

vibrations.

Cf. V&tsy&yana, II. , 2, 36— iWRifW^

ffU*r^HT ;r^9V TH^wr* ^flw*: Vide also Udyotakaras

analysis of vibration based on Vatsy&yana: ^pnm-

fW^qm^rt wmimfl iRftm^ire ^ftr «rd^iwi«n*K*i*Ml ft?

gr^ffiyqufa mi *tu$ *8Rir—Udyotakara, V&rtika,
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Adhy&ya 2, Ahnika 2, Sutra 36. «^H«flH i *topt

^ftwflrufi:—V&chaspati, THtparyyatik&, loc. cit.

Sounds also differ from one another in volume or

massiveness in the case of coalescence (w^nnnWhro).

A sound both loud and massive is called h^th (large)

—

wftcr * syro^ufHfir *$m: i winrfa win jfn H^^n—
V&chaspati, II, 2, 36.

Sahara, the Mim&ms& doctor, explains massiveness

as due to ^TO^fk, the coalescence of different air-

waves, which by their simultaneous impact affect a

comparatively large tract of the ear-drum (^rim^

«iHflK*Hli: 1 ibf ^rr^TT ^jftr. 1 jrajsi—&abara on Jaimini,

Sutra 17, Adhy&ya 1, P&da 1). The Mim&msakas, who
resolve sounds into air-waves, attribute all differences,

whether of pitch, intensity, or massiveness, to differences

in the series of conjunctions and disjunctions of air-

particles that form the waves (vide V&chaspati's report,

ji<<mI 3 ?NW%*r*pfttftsTt Juaar^i^T ; cf. also the

later Ny&ya-Vai6e§ika, which accepts air-waves as

vehicles of sound-waves 1 «h«iW«i T^wTinrrf^ii$?ff iv^if^-

3«<l^Mflw :—GangeSa, Tattva Chint&mani). It may be

noted that the terms irtw and m% are occasionally used

in a general sense, and applied to express higher and

lower degrees of pitch as well as of intensity.

There are also differences of quality (jrc^q

wimiumuft:). The same sound ga (n), of the same pitch

M 2
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and intensity, uttered by men and parrots, can be

distinguished ; so also the sounds, even the same notes

of the scale, given out by a wind instrument like the

venu and a stringed instrument like the vina. Similarly,

there are sexual and even individual differences of voice

JfiTH 1 WljJtiHN^Ji **0|}M*J$UMiiij 1,1—V&chaspati, T&t-

paryyatM, II., 2, 14. tfhffT *nrir ^dtir yfaT^y^ftr-

tnnmal v*fc—Udyotakara, II., 1, 15. J^^if^flfTfipw^ij

d^UTPH j*inft*w^M^«irw««*r.—GangeSa and Ma-

thur&n&tha). The sounds emitted by impact of the

different Bhutas (echo from AMSa, hissing from the

wind, puffing from fire, bubbling from water, and

splitting or cracking from earth) are characteristic

examples of such differences of timbre (vide Pan-

chadaiM, Bhutaviveka, Sloka 3).

The Vakya-padiya (K&nda I, Sloka 109), as we have

seen, ascribes all differences (whether of pitch, volume,

or timbre) to the characteristic forms of the air-waves,

which differ from one another by their configuration

(*ftronrn{ ^hr.)> and are capable of variations

of velocity (momentum, vega) as well as of rarefaction

and condensation («Kqmm5 i q ) ipnrvftfrg:

There are passing references to the obscuration

(wfww) of sounds in V&tsy&yana, Udyotakara and

Vichaspati, but the subject is treated more from a

psychological than from a physical point of view.

*ig liH-wmiftwm ji^si irtro tr^t wftwft yjw:

—V&tsy&yana, II., 2, 14 ; vide Udyotakara and V&cha-

spati, loc. cit. Here irtu = loud, and m$ = low.)
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Section 5.

MUSICAL SOUNDS.

&rutis and Svaras.—We have already seen that

the distinguishable pitches are called Gratis, and they

are proportioned to the vega (momentum) of the kampa-

santana (vibration). Now the ratio of a note to its

octave (in respect of pitch) is given as 1:2; we may

therefore conclude that the vega of the vibration in the

latter case was considered to be twice as great as in the

former. An indefinite number of Gratis could be inter-

posed between a note and its octave (wffiprt ^ifcft *

cf. »fhpnfbfm i ^i iq^iMMH *¥*fr*fq wnr. ipm—*rtiror-

ftwnr, &loka 40). Twenty-two such are named and

recognised for musical purposes. But a Sruti as such

cannot constitute a musical tone (Svara). A Sruti is a

simple (unmixed) and fundamental tone of a certain

pitch, whereas an ordinary musical tone (Svara) is

really composed of a fundamental tone (Sruti) and

certain partial tones (harmonics, Anurananas, wgwO-
The musical tones (Svaras), vocal or instrumental, are

therefore of the nature of what we call clangs, because,

either accompanying or following the &rutis or simple

fundamental tones
(
gHif^n ), are always found certain

partial tones (^rgrqni). Ff*ft inn ^WWhiw i

TO m*ft ^ftind fujui^nnO^K; (frfhrcwnre) ff^E^wft
*fi jnt -mn[ I ffcgtf: y^W^—D&modara, Sangita-

darpana, Chap. L, Sloka 49. wrerertmyl *n ftinifrjw-

ifiTHW. i * ^it: T«r?r—Sanglta-ratn&kara. * ^tt in ^Pjhhh
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d iit^wm i^ ffrgqnpnr^—Sanglta Samaya S&ra, 1.

ftRT I ^fwfc^nr—Damodara, Sanglta-darpana, Chap. L,

Sloka 51. The relation between a &ruti and a Svara

is variously conceived as (1) irffconr modal change ; (2)

*HR manifestation ; (3) ttt^tw^ HTfirgrifcfta the relation

of genus and species ; (4) ftaihr (gtf ^rtj ftafft*)

reflection; (5) #i4*iuoira, the relation of cause and

effect; cf. ^OflmlXnM by Ahobala, ^^nraj to fair:

^Tftnnr> Sloka 38.

Section 6.

THE NOTES OF THE DIATONIC SCALE : DETERMINA-
TION OF THEIR RELATIVE PITCH.

The pitch of a note is inversely proportional to

the length of the wire (n^ln^^aO fl^HlWHMfli

— mil, quoted by Mr. Devala in his "Hindu

Musical Scale ").

The pitch of the fundamental note to that of its

octave is as 1:2 («raren?rer: fifqurw— rmfirftv,

quoted by Mr. Devala).

The pitch of the fourth note (F) to that of the

fundamental (C)

#fhrmftirnr7
quoted by Mr. Devala).

The vibrations of the fifth note (G) to those of the

fundamental (C) are as 3 i 2 (ftwHTn^ni^nrPrt *wrc wtw-

^ftm i

—

frftmnftiffic
,
quoted by Mr. Devala).

Concord (***tf$w) is either perfect or imperfect. The
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ratio of perfect concord is 3:2; that of imperfect

concord, 4 : 3 jto *mf%m CTnNnn: *ro

—TmfWv, quoted by Mr. Devala) ; e.g. if D be the V&dl,

A would be a Samv&di ; if E be the V&dl, B would be a

Samvftdl : in each case a perfect concord. The pitch of

D is determined from that of G, and the pitch of A from

that of D, in each case, by the rule of perfect concord.

Determination of the pitches of E and B (after

Mr. Devala). This may be done in either of the

following ways :

—

(1) E may be determined from A, and B from E, by

the rule of perfect concord. This would give 303f as

the value of the pitch of E, and 455f as that of the

pitch of B, if the pitch of C be taken as 240 ; or

(2) E may be determined from C by reduction of

the fifth harmonic by two octaves, a sort of imperfect

concord; and then B may be determined from E by

the rule of perfect concord. This would give 300

for E, and 450 for B, if C be taken as 240.

Mr. Devala, in his investigations with the " Sono-

chord," finds that Hindu musicians (and Sanskrit

writers on music) adopted the latter values for E and B,

as they tested their notes by harmonics (Jf^rranpg^ir-

fltararere—Tmfoftv, quoted by Mr. Devala). The

Hindus therefore followed just intonation.

Section 7.

MUSICAL INTERVALS.

Musical tones are related to one another in four

ways as Vfldis, Samv&dls, Viv&dis, and Anuv&dis. The
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mediaeval compilations explain these in reference to

melody, and harmony is altogether unknown, but the

terms might be used to indicate relations of harmony

as well. The V&di might in that case answer to the

key-note (or tonic), and the SamvSdls to the two

consonances, the fifth (2:3), and the fourth (3:4).

The rule given for the determination of a Samvfidi is

12 or 8 Srutis intervening, the intervals being, therefore,

13 and 9 &rutis respectively (giving the ratios § and ^).

C being the Vftdi, G and F are stated to be the

SamvSdis.

In the same way, it is stated that if D be the VSdi,

A would be a SamvftdL If E be the Vfidi, B is given

as a Samv&dt

On the other hand, a two-^ruti interval (i.e. a

difference of a semitone) gives a Vivfldi, which would

thus answer to a dissonance. This is given as a general

rule
(flryrarcfaftfrerfipft Matanga). Other cases are

also noticed, e.g. E is a Vivfldl to D, and B to A, and

vice versa (ratio of 9 : 10).

The notes that do not come under these heads are

Anuv&dis (e.g. the sixth); cf. Bharata, N&tya-S&stra,

Chap. XXVIII, &lokas 23-24.

Also Sangita-ratn&kara :

—
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CHAPTER IV.

HINDU IDEAS ABOUT PLANTS AND
PLANT-LIFE.

Section 1.

CLASSIFICATION OF PLANTS.

Charaka

:

—Plants according to Charaka are divisible

into (1) Vanaspatis, trees bearing fruit without flowers

;

(2) Vdnaspatyas, trees bearing flowers as well as fruits
;

(3) Ausadhis, herbs that wither after fructification;

and (4) Vtrudhs, other herbs with spreading stems.

Chakrapdni notes in his commentary on Charaka

:

The Vtrudhs comprise two classes, (1) Latds, creepers ;

(2) Gulmas, herbs with succulent (or cactaceous)

stems and shrubs. The Ausadhis are sub-divided into

(1) annuals or perennials, bearing fruit, and (2) plants

that wither away after maturing and without fructifica-

tion, e.g. grasses like the Dtirvd (Cynodon dactylon).

Su&ruta

:

—Su6ruta's division is identical with

Charaka's. Dalvana, the commentator, gives some

details. The Plaksa (Ficus infectoria) and the

Udumvara (Ficus glomerata) are given as instances

of trees bearing fruits without flowers
(
Vanaspatis). It

appears that plants with naked and incomplete flowers

(achlamydeous plants) were considered as flowerless, as

also trees whose flowers, like those of the fig, are placed
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on the internal walls of a common receptacle. Of the

Briksas, flower- and fruit-bearing trees, the mango-tree,

the Jambu-tree (Eugenia jambolana), etc., are given as

examples. The Virudhs are of two classes, (1) creepers

with stems spreading on the ground (kamia:), and

(2) herbs with succulent (or cactaceous) stems (qfera

or «rftRn *\<f>$ ji rangifli PffigfTt). Atisadhis are those that

wither away after fructification, e.g. wheat, barley, etc

(m#m*fH!i iftvn^n). Some divide Ausadhis into two

classes, (1) those that wither after bearing fruit,

e.g. paddy, linseed, pulses, etc., and (2) plants that

wither after maturity, and bear neither flowers nor

fruits, e.g. the mushroom, etc.

Praiastapdda

:

—Pra6astapflda, the VaiSesika doctor,

classifies plants as follows :—(l) Trinas, grasses;

(2) Ausadhis, herbs that wither after fructification ;

(3) Latds, spreading and creeping herbs ; (4) Avatdnas,

arboraceous plants and shrubs; (5) Briksas, trees

bearing flowers and fruits ; and (6) Vanaspatis, trees

bearing fruits without flowers.

Srldhara in the Kandali gives Ulapa as an example

of a grass,i wheat as an example of Ausadhi (annual),

the Ketaki (Pandanus odoratissimus) and the Vtjapura

(Citrus medica) as examples of Avatdnas (Vitapas,

arboraceous plants), the Koviddra (Bauhinia) as an

example of flower- and fruit-bearing tree, and the

Udumvara (Ficus glomerata) as an example of a

Vanaspati (flowerless fruit-bearing tree).

Udayana in the Kirandvali notes the Kusmdnda (a

species of Cucurbita)as an instanceofa creeper (Latd), and

the palms m^n^K as modifications of the grasses
(
Trinas).
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Amara

:

—Amara, the lexicographer, in the Vanausa-

dhivarga and the Vaisyavarga (enumeration of wild plants

and of food-grains) gives some interesting particulars.

(1) The trees (the flowering Briksas and the flowerless

Vanaspatis) are fruit-bearing, and possess woody stems

or trunks (jnrnp

—

vxrm gn*gn^ $n*Tfrcro).

Next come (2) arboraceous plants and shrubs (^q,

g^HTranffor. wn) bearing flowers as well as fruits. (3) The

Latds are next noticed, flowering plants with herbaceous

stems, some of them creeping on the ground (mrrffpft),

others succulent (jjfgHtfl), others twining or voluble

(fgrrcrnftnn snn, ypTrfrnti &m— Amara, cf. Mukuta,

JUS^H *$fir g^m^N nn jwnfif gnnfa —others

call this fjp»r). Cf. Su6ruta— mrmw: jtenro.

(4) Next come the Ausadhis (in the narrower sense),

herbaceous plants bearing fruit with or without flowers,

and dying or withering away after fructification. Some

instances of Kandaidka (tubers, rhizomes, corms) are

noticed, e.g. the Paldndu (the onion, ^n^[ tpn^*:), the

La&una (garlic, *?TO^), etc. But the graminaceae

enumerated in the Vai&yavarga are the chief instances

of the Ausadhis—plants that die after fructification.

These are cultivated Ausadhis, but their affinities with

the next class, the grasses (Trinas), are also noted

(e.g. *TRt «ifc*0 1 uu)jj4&fci4fi4lHiHj jjovr^nfa hIwki: i

d iftn i cj *i *n*tasi). Next are enumerated (5) the Trinas,

grasses, of which the characteristic is the formation of

gulmas (culms of grasses with annular knots from which

leaves spring—Wit ip* ^ui04W*W£WJ4wfc). It is

worthy of note that, in the enumeration of the grasses,

the bamboo is considered as a sort of giant grass
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(ipanr, grass flag, 3*3 am t*). The reeds (TSraprc) are

also placed among the grasses (^yl Ji§*«Mijn*Wj«iHfti \

w±my*m ^rtwrowT:). (6) Finally, the Pahnaceae (includ-

ing the cocoanut, date, areca, and other palms) are

classed as Tree-grasses, probably because, like the

grasses, they are endogens characterised by spikes and

parallel veins, iptrpr. \ (yromyrcffTg: Hk4<$<g «if»^

etc, ^ fitTn^nrfipminK wmft n«p1 ^
—

cf. also the Rajanighantu).

I may add that Amara places parasitical plants

among the Latds (^T *pp^ft i ^IW 1 wNfaiiraft).

They climb trees and feed upon them. These are to be

distinguished from climbing plants, like the Guduchi

(Tinospora cordifolia), which have separate roots of their

own. They are also to be distinguished from the

adventitious roots descending from the branches of trees,

like the Ficus religiosa, which are usually termed

avarohds (wtffen). The name 6iphd is ordinarily

applied to the rootlets and suckers by which the

tendrils of various creepers are attached to the soil.

qgrmrt *nn ?nn \ i^n^i4 tttt 5nn —Amara with

Bh&nuji Diksita's commentary. But the Mukuta

notes :—a^ggn^ wgfir ptnrqghfrnn jj^rrfif snn«Pq wt?: 1)

The GuducM is also called wqmrfi, ftww i

The Hindu Materia Medica mentions AM4avallt
9

lit sky-creeper, a name which seems to have been

originally intended for some orchids ; also Plava

(lit floating), weeds that float in stagnant ponds, and

8aivdla, mosses and lichens (e.g. gtare5&wjNT$ ir^T Wft*

tftrt jnirafft— Chakrapdni - Samgraha, also Bhdva-
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Prakdsd). These are not classified, but like the mush-

rooms must come under the Pdkanistha ausadhis,

Ausadhis that die after maturing, without bringing

forth flowers or fruits.

Section 2.

ELEMENTARY IDEAS OF PLANT PHYSIOLOGY.

Characteristics of Plant-Life.

The Nydya-vindu-tikd of Dharmottara, the Buddhist

scholiast, notices the phenomenon of sleep (contraction

of leaves in the night) in certain plants (mr. xrit

Udayana notices in plants the phenomena of life,

death, sleep, waking, disease, drugging, transmission of

specific characters by means of ova, movement towards

what is favourable and away from what is unfavourable

Udayana, ^fWtfVf^wO- I may add that metaphors

drawn from the heliotropic movements of the Stiryya-

77iwH?-flower are among the stock-in-trade of Sanskrit

poetry and belles-lettres.

The Jaina writer Gunaratna, in his commentary on

the Saddar&ana-Samuchchaya (circa 1350 A.D.), enu-

merates the following characteristics of the plant-life :

(1) stages of infancy, youth and age; (2) regular

growth ; (3) various kinds of movement or action

connected with sleep, waking, expansion and contraction

in response to touch, also movement towards a support

or prop ; (4) withering on wound or laceration of
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organs ; (5) assimilation of food according to the nature

of the soil ; (6) growth or decay by assimilation of

suitable or unsuitable food as prescribed in the science

of the diseases of plants and their treatment (^W^fi?)

>

(7) disease ; (8) recovery from diseases or wounds by

the application of drugs ; (9) dryness or the opposite,

due to the sap which answers to the chyle (**) in

animals; and (10) special food favourable to impreg-

nation. (ftttHift^ i fyiw ftfyiMlyOm mI^Oum

(jvingitywHrt i) Even the Vanaspatis (flowerless, but

fruit-bearing trees) may be made to flower (cf. V&raha-

mihira's recipes for the treatment of plants for similar

purposes ; cf. Gunaratna, TarkarahasyadipiM, Jaina-

mdta, Sloka 49).

Sankara MiSra in the Upaskdra notes as an addi-

tional characteristic the growth of organs (or tissues)

by natural recuperation after wound or laceration

(NHH|ff<iO<<J u, Upaskdra, Chap. IV., Ahnika 2, Sfitra 5,

S. B. H., Vol. VI.).

Gunaratna gives a list of plants that exhibit the

phenomena of sleep and waking
(
wIi^ iiOhiik*!^*-

q^m^iHflg'UftT^fflHl ^rrqfinfrnr:, ibid.). He also notices

the sensitiveness to touch of plants like the Mimosa

pudica, snrr, which show a manifest reaction in

the form of contraction, g^ i^H**1^Uwifl;iUi>h^ *w

qffrggfiwi (ibid.).

Sexuality.

Very vague ideas were entertained as to the sexual

characters of plants. The pollen is called Rajas, puspa
9
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prasuna—names which are also applied to the female

menstruum—and Amara expressly states that for

females and flowers these elements (and the terms

signifying them) are the same (Wtal JpTTOt ytf *^pt TW^

—

Amara, Vanausadhivarga). Charaka (Dridhavala), in-

deed, distinguishes between the male and the female

vatsa (or kutaja), considering the variety that bears

white flowers and large fruits as male (wtflMktf^fljji:

yn*, Holarrhena antidysenterica), and that which bears

red or yellow flowers and small fruits as female

(yqmwgyfl lat—nftmyn ,
Wrightia tinctoria; Cha-

raka, Kalpasthdna, Chap. V. ; but this is hopelessly

wrong. Even these vague ideas were afterwards com-

pletely lost, and the Rdjanighantu tells us of a grotesque

division of plants into male, female, and hermaphrodite,

based on the slender or stout, the soft or hard, the long

or short, the simple or mixed character of the stems

and flowers ! (Rdjanighantu, ^nfif wft Wij+Jj««t^

qinwftl, etc,).

Consciousness.

The Hindu Scriptures teach that plants have a sort

of dormant or latent consciousness, and are capable of

pleasure and pain (wrotfqrr wftir flfi$:«iwfl*fl i:). Cha-

krap&ni notes in the Bhdnumati that the consciousness

of plants is a sort of stupefied (darkened or comatose)

consciousness (fwrcj ^PTPprftsfa mnrrornnnn ^rota^r-

fspnrr

Udayana also notes that plants have a dormant

unmanifested consciousness which is extremely dull

(^OwqiqndfiMJi i, etc.).

Digitized byGoogle



176 THE POSITIVE SCIENCES OP

The Mahdbhdrata adds that plants are sensitive to

heat and cold, to the sound of thunder, etc., as well as

to odours both pleasant and unpleasant :

—

sjiirt jrnrir ntf *s<$ ^ \

jrnri* tfhfcir w$?£pn* finrir n

TOyy* Wfrftd tott^ n^for ^mpm II

inn q^rtji: in$: ftniflr m^ir. h
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CHAPTER V.

HINDU CLASSIFICATION OF ANIMALS.

Section 1.

CLASSIFICATION OF ANIMALS.

Charaka.

Charaka mentions four primary divisions :

—

(1) Jardyuja, born from the uterus, or, rather,

placentalia, viviparous (no a-placental mammals were

known), e.g. man, the quadrupeds, etc.

(2) Andaja, born of an ovum (egg), comprising

fishes, reptiles, and birds.

(3) Svedaja (or Usmaja), born of moisture and heat,

spontaneously or a-sexually generated, e.g. worms, mos-

quitoes, etc.

(4) Udvijja, born of vegetable organisms (*wmt

*nft&n iftfiiSqrftr imm^rftftr.—iSdrirasthdna, Chap. III.

—Ibid.).

PraiastapAda.

PraSastapfLda begins with two great divisions: (1)

Ayonija, animals that are a-sexually generated, of small

dimensions (iftir*j) ; (2) Yonija, sexually generated,

i.e. from the union of a sperm and a germ element.

The latter are subdivided into (a) Jar&yuja, lit. placen-

N
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talia, viviparous (no a-placental mammals were known),

and (b) Andaja, oviparous. Man, the quadrupeds

(domesticated and wild), etc., are given as examples of

viviparous animals, and birds, Sarisripas (reptiles, etc.)

of oviparous animals. Udayana in the Kirandvcdi notes

that Jardyu means the placenta (iiflqgtwfty* 1*13:,

ara in the KandaM, gRTgftfli n^npro wfWvnt inr

$fint imrif ^fif "Hi3^)- Udayana adds that the term

Sarisripa includes insects and fishes as well as reptiles,

these being all oviparous (qOum: vfar. u*i4<oji1<#i:

PatanjalL

The a-sexually generated animals, as we have seen,

are also called Ksudrajantiis (lit. small animals).

P&tanjali in the Mahdbh&sya gives several alternative

definitions (or descriptions) of this class of animals.

They are defined (1) as animals without bones, hhO*J« i :

*f5FP?TT. ; or (2) as animals that do not possess any

blood of their own, xhrt ^ jctftr* ^nffcr ir w^ircrw: ; or (3)

as numbering more than a thousand in a palmful, i.e.

minute in size ; or (4) as not easily crushed ; or (5) as

comprehending all animals up to the ichneumon (in the

animal series), ww h^m^^ii: tjgnmq:

—

Mahdbhdsya,

2-4-1.

SuSruta.

Su6ruta mentions four great divisions: (1) San-

svedaja, born of moisture and heat: this division is

mentioned first, as Dalvana notes, because moisture

and heat are .essential factors in the generation of all

forms of animal life, including the classes that follow

;
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(2) Jardyuja, viviparous or placental ; (3) Andaja,

oviparous; and (4) Udvijja, bursting forth (from the

ground, or perhaps from some previous unmanifest

shape, e.g. frogs, coccidae, etc.). The second, third, and

fourth classes are mentioned in the order of their

importance. Subsequently the order of enumeration is

changed: (1) Jardyuja, (2) Andaja, (3) Svedaja, (4)

Udvijja. One reading gives the order : (1) Svedaja,

(2) Andaja, (3) Udvijja, and (4) Jardyuja. Some

commentators point out that the order in the text

(whatever that may be) is intended to indicate the order

of creation by Brahm^.

Su6ruta mentions man, Vydla (carnivorous quad-

rupeds), and Pasu (herbivorous quadrupeds) as examples

of the viviparous ; birds, snakes, and Sartsripas as

examples of the oviparous ;
Krimis, Kitas, and Pipilikds

(worms, insects, ants, etc.) as examples of the moisture-

born ; and frogs and the coccidae (the coccinella) as

examples of the animals that " burst forth " (eruptive

or metamorphic?). Dalvana notes that the divisions

are really cross-divisions (*ftftf*h*r), and intended to be

such, as the natural divisions of Jiva and species

are not all exclusively oviparous or exclusively vivi-

parous. For example, among birds (trftprc, winged

animals), bats and Valdkds are viviparous (w^tot

il5*T?pi: TOjun); indeed, Valdkds are some of them

oviparous and some viviparous (trftfj w^hvt *ragsn

*TC*to). Among snakes, the Ahipatdkds, a species

of non-venomous colubrines snakes, are viviparous

(ovo-viviparous ?). Among the moisture-born, there

are some kinds of ants
(ftnftf^nirc:) which also lay

N 2
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eggs or burst forth (from the ground, or perhaps from

some previous unmanifest shape) (^tar^iprfi inft^

fMMir^ i wum *fkw$r).

The oviparous animals are divided by SuSruta into

birds, snakes, Sarisripas, etc. Dalvana notes that the

Sarisripas include fishes and Makaras (sea-fish with

fierce teeth, flj^pin), and the " et cetera " comprehends

tortoises and crocodiles (*tf^im ^fhpnflnr:

irhyinroyft *t mjfini?*R y^mr^Hrl v^m\) ! The
" moisture-born " are due to the moisture and heat

either of the earth or of organisms (^Nr^rn 5*: jrtfrsi ^
*5T^ wn). Of these, the Krimis (worms) arise

from the moisture of the faeces in the bowels (*rr.

yhfgT^WTfl^ro^n—Dalvana) ; from putrefying dead

bodies (jn—Su6ruta; cf. srrtr firo^ q^HMt wjwimI

ymq1«tl $w*F{—Gunaratna, Tarkctrrahasya-dipikd

(Jainamatam) ; from decomposing curd or milk (e.g.

yRTffr^ftrem ^y*^r—Jayanta, Nydya-Manjari, Ahnika

7, y^*HMtf) .

The second class, KUas, noticed among the moisture-

born, include the scorpions, the six-spotted venomous

insect sadvindu, etc. (vfcn jftawfftr^ wpnn—Dalvana).

Of these the scorpions arise from cow-dung, excreta of

snakes, rotten wood (wi iftmn^ jfltw. imrir—P&tanjali,

Mahdbhdsya, 1-4-3); cf. also SuSruta, Kalpasth&na,

Chap. VII.

The third class, Pipilikds, ants and the like insects,

Dalvana notes, are born of moisture and heat, as well

as of eggs, and sometimes burst forth from the ground

(*J*3*f*w *mcT vfinm—Dalvana). The gnats and mos-
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quitoes (4$WJH*i^:) are also usually placed among the

moisture-born. An anda (egg) is described as oval, of

the form of a pesi (*it MVd«Kq$<j—Dalvana ; cf.

&ridhara, Kandalt, *it ftp* im *fint uro* *\

ChMndogya and Sankara.

It may be noted that the ChMndogya Upanisad

classifies animals on the basis of their vzja (ovum or

seed) as three-fold:—(l) Andaja, born of eggs; (2)

Jivaja, viviparous ; and (3) Udvijja. Sankara explains

that the udvijja animals arise from vegetable organisms

fajfW^wrot mit mn\ *fin*^), which is also Charaka's

view, as we have seen ; but unlike Charaka, Sankara

holds that the svedaja animals must be included partly

under the oviparous, and partly under the udvijja

(vegetable-born) class (vfuilftwftiq <w*wmni5m:—
Chh&ndogya, Prap&thaka 6, part 3).

Evidently the idea is, that though vegetable

organisms may pass off into animal, there cannot be

generation without vtja (seed or ovum), and inorganic

matter without vftja (seed or ovum) cannot give rise to

animal life. P&tanjali, in the MaMbMsya {circa

150 B.C.), mentions the opposed view, which holds that

not only animal organisms but also vegetable organisms,

e.g. grasses, grow from inorganic matter. The Durv&

grass, for example, can grow from deposits of the hair

of goats and cows, just as scorpions are seen to develop

out of cow-dung. P&tanjali notes the orthodox S&nkhya-

Ved&nta explanation that these are not cases of growth

(or transformation) but merely of coming out (umimfa),
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wt *TGj«r:

—

MaMbhaxya, 1-4-3.

The Dietary Animals in Charaka and Suiruta.

In noticing different kinds of meat for dietary

purposes, Charaka gives a classification of animals

(mammals and birds) which has only a practical (thera-

peutic) significance.

The dietic value of the flesh of any animal was

conceived to depend mainly on its habitat and mode of

life. Dietary animals (mammals and birds) were accord-

ingly divided into eight classes (wjftniT #Tf^)
:

—

(1) Prasaha, carnivorous as well as non-carnivorous

(Chakrap&ni), comprehending land quadrupeds and birds

that fall on their food with force.

(2) An&pa, animals that live in marshy or water-

logged lands or graze on river-banks.

(3) BMSaya or Vile&aya, animals that live in under-

ground holes.

(4) Vdrifaya, aquatic animals, both fresh-water and

oceanic.

(5) Jalachara, amphibious animals.

(6) J&ngala, animals that live in dry and elevated

(hilly) jungle lands, mostly species of deer.

(7) Viskira, birds that scatter their food in picking

up; and

(8) Pratuda, birds that pierce or torment their food

(worms and fruits) with the beak

In the chapter on articles of diet, SuSruta gives a

practical classification of (vertebrate) animals for dietary
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purposes. Animals that find a place in this dietary are

first divided into two classes : (1) An&pa, animals that

live in marshy or water-logged land (or in water)

;

(2) Jdngala, animals that live in dry (hilly) jungle land.

The J&ngalas are divided into five classes, and the

Anupas into eight. The thirteen classes are based on

real and natural distinctions of food and habitat
;
they are

for dietary purposes arranged under six conventional (or

artificial) classes (^ft^r^T vafarn i ftfSfjn^

gJiuit vprfq^ inr *ynh ^flr ftnwi^—Dalvana,

S&trasthdna, Chap. XXVII. ). These thirteen classes of

dietary animals may be enumerated as follows :

—

I. Jdngala animals

—

Jangh&la, Viskira, Pratuda,

GruhdSaya, Prasaha, Parnamriga, Vileiaya and

Grdmya, and

II. Ardtpa animals

—

Kuieehara, Plava, KoSastha,

Pddina, and Matsya.

Of these, the Matsyas (fishes) are divided into two

groups—fresh-water (lit. river-water) and sea-water

fishes. Among the sea fishes, the timi and the timin-

gala (whales? fti frngmfl tot. faftygrenrfcfti *&nr.—
Dalvana) find a place, as also the makara (shark,

m<J4(i«:—Dalvana).

The Ko&astha (living in shells—mollusca) are dis-

tinguished from the Matsyas (fishes). In this class

are enumerated ianhhas (Conchifera), Sankhana (smaller

Conchifera), iukti (pearl-mussels), sambuka (Helix) with

spiral shell (wrohrtjr.—Dalvana), valluka (a species of

Helix, according to some, i^fw^nj:—Dalvana), etc.

Dalvana adds vodika, jalaSukti, and various species of

Helix
(Ofk«nfl%0m^i^ w?ftnfT appjr).
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The Pddinas, aquatic animals having pedal (or long

dorsal) appendages, comprise kurmas (oval or oblong-

shaped tortoises, turtles), the kumbMras (crocodiles,

Emydosauria, Reptilia), karkatas (white and black crabs,

Crustacea), the Stiumdra (a species of the Delphinidse

cetacea), muscular, with a sharp protruding snout,

breathing with the blow-hole out of the water, probably

a dolphin, as the long dorsal fin was taken for a sort of

pedal appendage
(y imfliw. qfrffarrtl ytfir *teftr flrftrv:

qiflqlfr^w:—Dalvana). The Pddinas do not represent

any natural division.

Of the other Anupa animals (aquatic or amphibious

animals), the plavas (lit floating on the water) represent

a class of birds (the Natatores and the Grallatores)

exemplified by geese, ducks, cranes, etc.

The Rulecharas are herbivorous quadrupeds that

frequent the banks of rivers and ponds, and comprise

the elephant, the rhinoceros, the GAvaya (Bos gavceus),

the buffalo, various species of deer, etc.

Of the land animals (J&ngala), three of the sub-

divisions represent birds, and five, mammals. The

land birds are: (1) the Prasaha birds, birds of prey

proper (Raptores), comprising the vulture, kites, hawks,

owls, etc. (Charaka's Prasaha is a much wider class)

;

(2) the Viskiras, birds that scatter their food in

picking up ; and (3) the Pratudas, birds that pierce or

torment their food (fruits or worms) with the beak.

The last two classes comprehend between them the

Passeres (proper and so-called), the Scansores, the

Easores and the Columbee.

The remaining five classes of Jdngala animals are
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mammals, with the exception of several species of

Vile&ayas, which are reptiles. The Paiimmrigas

(arboreal animals) comprise the apes, sloths, squirrels,

as also some of the reptiles and carnivora. Among the

Parnamrigas, the Putighasa is a kind of tree-cat

giving out a pungent odour; the Madgumusika and

the Briksaidyika are arboreal rodents ; and the

Avaku&a is a species of cow-tailed monkey (vide

Dalvana). The Janghdlas are wild animals, herbivorous

quadrupeds that are strong-legged and quick-footed,

comprising various species of deer and antelopes.

The Grdmyas (lit. living in or about villages,

domesticated quadrupeds) comprise the horse, the

mule, the ass, the camel, the goat, the sheep, etc.

They are non-carnivorous, being distinguished from

the carnivorous quadrupeds (imr$—SuSruta, *rt*T$

—

Charaka). Some are Ekaiapha (animals whose hoofs

are not cloven)
(umm^i * gw^pprefo * xnwjr.

—

wr.

—Dalvana).

The GuhdSayas are carnivorous quadrupeds (nwr^n)

living in natural caves or hollows. They comprise the

lion, the tiger, the wolf, tho hyena, the bear, the

panther, the cat, the jackal, the mrigevaru, etc.

The vrika (wolf) is defined as a dog-like animal,

small-sized (in comparison with the lion and the

tiger). By the cat, here, wild-cats are meant The

mrigevaru is described as a jackal-like animal that

kills deer.

Finally come the Vile&ayas, animals that live in

holes or burrows, comprising various species of Rodents

and Insectivora, and several species of Reptiles.
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Snakes in Sv&ruta-N&g&rjuna.

The Snakes (OphidaB) are especially noticed by

Su6rata-N&g&rjuna in the chapters relating to Toxi-

cology (Kalpasthdna, Chap. IV.). Five different genera

or families are noticed, of which one is non-venomous

and four venomous, including one hybrid and three pure

or unmixed families. Of the last, (1) the Danfikaras

(wwnft, mtpfm, n^n, «njro$*> yfftm<jfl

—

Naia Tripudians,

Naia Bungarus) are hooded, swift in their movements,

diurnal in their habits, and bear on their hoods

or their bodies the marks of chariot-wheels, ploughs,

umbrellas, rhombs or cross-bands, goads, etc. (2) The

Mandalis (Vipera, Viperidae?) are thick (^rc), slow-

moving, nocturnal in their habits, and bear circles or

rings on the body (mqjMuiifl ). Charaka adds that they

are without hoods. (3) Rajiinats also are without

hoods, and nocturnal, and bear series of dots or

marks, and are often of variegated colours on the

upper parts and sides. Twenty-six varieties are

named of the first, two of the second, and ten of

the third.

Of the Nirvisas, non-venomous snakes, twelve

varieties are mentioned, including Boidse and the

Colubrine Dendrophis Op^ra). Of the Vaikaranja

(hybrid) snakes, there are ten varieties, of which three

are produced by the union of certain venomous species,

and seven are secondary derivative forms.

The Darotkaras are most deadly when young, the

Mandates when middle-aged, the Rajimats when aged.

Their poisons act differently, and an elaborate descrip-
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tion is given of the action of the venom of each of the

three venomous families.

Snakes in the Purdnas.

The Bhavisya Purdna gives the following addi-

tional information. The Ndgas (Naise) copulate in

the month of Jyaistha or Asddha (May or June),

gestate during the rainy months that follow, and bring

forth about two hundred and forty eggs in the month

of Kdrtika (November). Most of these are devoured

by the parents, but those that are left break forth

from the shell in about two months (or one month,

according to the Agni Purdna).

Eggs of a golden hue like that of the (red) flowers

of the Calotropis gigantea (tj^tnhratfir*) produce male

young ones, those somewhat paler and of an elongated

ovoid shape (mfi^njqtfran^ ijftmfarcrftpiTi^) bring forth

female snakes, and those of the hue of the Sirisa-

blossom hermaphrodite ones. By the seventh day the

young snakes turn dark ; in a fortnight (or twenty

days, according to another account) the teeth come out.

The poison is formed in the fangs (^it^) in three weeks,

and becomes deadly in the twenty-fifth night. In six

months Ndgas shed the skin (1P5*).

In moving on the ground, the folds of the skin on

the under surface alternately expand and contract,

appearing to put out and draw in fine filament-like

legs, about two hundred and forty in number. The

joints on the skin (scales or scutes

—

trto) are two

hundred and forty in number (perhaps the sub-caudals

were not counted).
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Snakes are killed by men, mongooses, peacocks,

Chakoras (a kind of partridge), scorpions, boars, cats, and

the hoofs of oxen. Escaping death from these enemies,

a Ndga may live for a hundred and twenty years. The

term of life of the non-venomous snake is shorter, about

seventy-five years (Bhavisya Purdna, ironrei).

The Agni Purdna gives the total number of teeth (of

a Ndga) as thirty-two, of which four (two on either

side) are venomous, viz. Kdlardtri and Yamadutikd,

which appear to be the names of the fangs, and Kardli

and Maharx, which seem to stand for two hard (maxillary)

teeth accompanying the two fangs (cf. also Charaka

—

Dridhavala, CkiHtsdsthdna, XXIII., fawfoftrffenr^).

Um&svatHs Classification of Animals.

A more thorough classification of animals is found

in the ancient Jaina work, the Tattvdrthddhigama of

Um&svati, which the Jaina chronological lists enable us

to assign with great probability to the fourth or fifth

decennium after Christ (circa 40 A.D.). Um&svati's

classification is a good instance of classification by

series, the number of senses possessed by the animal

being taken to determine its place in the series. Perhaps

only senses actively determining the life-habits were

counted.

I. First come animals with two senses, viz. touch

(as evidenced by contractility of tissue) and taste (as

involved in the selection and rejection of food). This

division comprises

—

(a) Apddika (Vermes without lateral appendages,

Scolecids).
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(b) N&puraka (ring-like, with pendants, Vermes

with unsegmented lateral appendages, Annelids).

(c) Gand&pada (knotty-legged, Arthropoda, in-

cluding Crustacea, Myriapoda, eta).

(d) Some forms of Mollusca, e.g. Sankha (Conchifera,

Lamelli - branchiata), Suktika (Pearl - mussel,

Lamelli-branchiata), and Sambuka (Helix).

(e) Jal&kd, Leeches (Annelids).

II. Next come the animals with three senses, namely

smell in addition to the primordial senses of touchand taste

involved in the contraction of tissues and the appropria-

tion of food. Here also well-developed and active senses

alone were perhaps intended ; rudimentary or dormant

senses were not reckoned. This division comprises

—

(a) PipUikd, Ants (Formicid®, Hymenoptera).

(b) Rohinikd, Red-ants (Formicidse, Hymenoptera).

(c) Upaehikd, Kunthu, Tuburaka, Bugs and Fleas

(Hemiptera, Hemimetabola).

(d) Trapusavija and Karpdsdsthikd, Cucumber- and

Cotton-weevils and Lice (Aptera, Ametabola).

(e) Satapadi and Utpataka, Spring-tails (Aptera-

Ametabola).

(/) Trinapatra, Plant-Lice.

(g) Kdstha-h&raka, Termites, White ants (Neuro-

ptera, Hemimetabola).

III. Then come the animals with four well-

developed and active senses, i.e. sight, smell, taste,

and touch. This division comprises

—

(a) Bhramara, Varata, and Sdranga, Bees, Wasps,

and Hornets (Hymenoptera, Holometabola).
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(b) Maksikd, Puttikd, Dama, and Masaka, Flies,

Gnats, Gad-flies, and Mosquitoes (Diptera, Holo-

metabola).

(c) Vriichika and Nandy&varta, Scorpions and

Spiders (Arachnida, Arthropoda).

(d) Ktta, Butterflies and Moths (Lepidoptera,

Holometabola), and

(e) Patanga, Grasshoppers and Locusts (Orthopteral

Hemimetabola).

IV. Finally come the animals (man and the Tiryyak-

yonis) with five well-developed and active senses.

Omitting man, this division comprises

—

(a) Matsya, Fishes.

(b) Uraga.

(c) Bhujanga.

(d) Paksi, Birds, and

(e) Chatuspada, Quadrupeds.

Uraga and Bhujanga in popular use mean reptiles

;

but here evidently Bhujanga is taken to mean oviparous

limbed animals (limbed reptiles and Batrachians) and

not creatures whose movements are crooked or in the

form of a bent bow ; and Uraga stands for apodal

reptiles, including snakes (Ophidae).

It will be seen that the first three divisions fall

under the Invertebrata, and the fourth is identical with

the Vertebrata.

This last division (the Vertebrata) is sub-divided on

a different basis, viz. the mode of reproduction. The

sub-divisions are three :

—

A.

—

Andaja, oviparous (Pisces, Reptilia, and Batra-
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chia), e.g. Sarpa (Snakes, Ophidia, Reptilia), Godha

(Varanidae Lizards, Reptilia), Krikaldsa (Chameleons,

Reptilia), Grihagolika (Common Lizards, Lacertilia),

Matsya (Pisces), Kurma (Tortoises, Chelonia, Reptilia),

Nakra (Crocodiles, Reptilia), Si&um&ra (Dolphin or

Porpoise, Cetacea), and Birds proper with feather wings

—

the Lomapaksa paksis.

Porpoises are erroneously put here, being really

viviparous like other Cetacea. Frogs are not mentioned

in this list The omission is strange. Perhaps (as in

SuSruta) frogs were believed to be Udvijja (eruptive or

metamorphic) and not Andaja (oviparous). But Su&ruta

mentions the frogs after the quadrupedal and centipedal

Reptilia (Kanava, Godheraka, Galagolika, and Satapadz).

B.—Jardyuja, mammals born with placenta, including

all mammals other than the Potaja (here Jardyuja

is used in a restricted sense): (l) Man, (2) Cow,

(3) Buffalo, (4) Goat and Sheep, (5) Horse, (6) Ass,

(7) Camel, (8) Deer, (9) Yak (Chamara), (10) Hog,

(11) Bos Gavaeus (Gdvaya)—Ungulata, (12) Lion,

(13) Tiger, (14) Bear, (15) Panther, (16) Dog, (17) Jackal,

(18) Cat (Carnivora), etc.

The Apes, though not expressly mentioned, are also

to be included.

C.—Potaja, a class of placental mammals comprising

the Deciduata with the exception of Man, the Apes, and

the Carnivora, e.g. Sallaka (Porcupine, Rodentia),

Hasti (Elephant, Proboscidea), Svavit and Ldpaka

(Hedgehogs and other creatures that lap up, Insectivora),

&a&a and &ayika (Hare, Rabbit, and Squirrel, Rodentia),

Nakvla (Ichneumon, which though carnivorous is
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supposed to come under the Deciduata), M&sik (Mice,

Rodentia), and the Charma-paksa Paksis, so-called birds

with leathern wings (Bats, Chiroptera) e.g. Valguli

(Flying-Fox), Paksivirala (Flying-Cat, Micro-Chiroptera)

and Jcdukd (apparently meaning blood-sucking Bats or

Vampires, though these are scarcely found in the Old

World).

The Potaja class thus comprises the following

Deciduata: Proboscidea, Rodentia, Insectivora, and

Chiroptera.

The term Potaja is intended to signify that these

animals are born without the placenta which is thrown

off as an afterbirth, whereas such of the Jar&yujas as

are not Potajas are born with the placenta attached to

the embryo. But it is not easy to explain why Man,

the Apes, and the Carnivora should not also be reckoned

among the Potajas. An explanation is suggested

below (p. 200).

iri^-^if^Rt *3fat * «m«*j«^qHl M^flgJuflo i (Umfi,-

svati, Tattvarthddhigana
9
Chap. II., Sutra 24).

spcnrcrnrt *^-^"Mf^jiiiift^iHi-^Oi-^-^wT-^rT^-jnrc-
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^rot ^^"^jP^->m^- M(>tfti>i^i('1^l i (Um&svati,

ibid., Chap. II. , Sutra 34).

Section 2.

RECAPITULATION.

The ancient Hindu classification of animals, as

gathered from the authorities mentioned above, may
be briefly summarised thus :

—

A.

—

Kmdrajantus, boneless and without (red) blood.

Invertebrata, divided into

—

(a) Ayonija, a-sexually generated, e.g. the Svedaja,

born of moisture and heat, and the Udvijja

(eruptive or metamorphic, e.g. the coccinella) ; and

(b) Yonija, sexually generated, e.g. the Andaja,

oviparous.

But some are both a-sexually and sexually gene-

rated, being both Svedajas and Andajas, or Udvijjas

and Andajas.

The Ksudrajantus (Invertebrata) comprise

—

(I.) The Krirnis, Vermes : (a) Apddikas without

lateral appendages (cf. Scolecids), (b) Nilpurakas,

Annelids (a section), (c) Gandtipadas, Arthro-

poda (a section).

(II.) The Jaldkds, Leeches, of which twelve species

are described, six venomous and six innocuous

(cf. SuSruta's careful description, SiitrasththJuina,

Chap. XIIL).

(III.) Ko&asthas, Shelled Animals, some forms of

Mollusca, e.g. the Sankhas (Conchifera), the

o
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&uktikas (pearl-mussels), the Sambukas (spiral-

shelled Helix), the Vodikas, etc.

(IV.) Then the Insects, typified by the Ants,

comprising

—

(a) PipUikd, Rohiniha (ants, Hymenoptera).

(b) Upaehikd, Kunthu, Tvburaha (bugs and

flies, Hemiptera).

(c) Cucumber- and cotton-lice (Aptera).

(d) /Satapadt, Utpataka (spring-tails, Aptera).

(e) Trinapatra, grass- or plant-lice (Aptera).

(/) Termites (Neuroptera).

(V.) Insects typified by the Hexopoda, comprising

—

(a) Bhramara, Varata, Sdranga, bees, wasps,

and hornets.

(b) Maksikd, Puttikd, Dan&a, Maiaka, flies,

gnats, gadflies, and mosquitoes.

(c) VriSchika and Nandydvarta, scorpions and

spiders (Arachnida, Arthropoda).

(d) Kita, butterflies and moths ; and

(e) Patanga, grasshoppers and locusts.

SuSruta-N&g&rjuna names six varieties of ants, six

varieties of flies, five of mosquitoes (including one

marine and one mountain kind), eight varieties of

Satapadis (centipedes), thirty varieties of scorpions, and

sixteen of spiders (Lutds). Of the Kttas, the glow-

worm and the Tailakita (lit. oil-worm) are said to be

luminous (phosphorescent, cf. Rdjanighantu mn\*ft$*\£t).

B.—The Tiryyahyoni animals, sexually generated

animals other than such of the Ovipara as are included

under the Ksudrajantu, in other words, sexually generated
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animals possessing bones and blood—corresponding to

the Vertebrata—comprise the following classes :

—

I. Andaja, oviparous

—

(a) The Matsyas, fishes, divided into river-water

fishes and sea fishes. Su&ruta names eleven

species of the latter. The Timi (whale?) is

reckoned as a sea-fish. The Makara (shark) is

also mentioned, but the Kurmas, Kumbhiras,

and Si&umdras (tortoises, crocodiles, and dol-

phins) are excluded from the class, as also the

so-called shell-fish, being placed among the

Pddinas and the KoSasthas respectively.

(b) The Uragas, apodal reptiles, including the Sarpas

(snakes, Ophidia). Five classes of snakes are

mentioned, one non-venomous, three venomous,

and one hybrid. Eighty varieties of snakes are

named, but the classification is based on super-

ficial characters, e.g. markings on the scales, etc.,

and do not touch any anatomical peculiarities.

The pathological observations regarding the

distinct action of the poisons of different orders

seem to be good.

(c) Bhujangas, oviparous animals with lateral, pedal

appendages, both Reptiles and Batrachians.

Many of these are quadrupedal and five-clawed

(^n^n *ter. wwn—Dalvana).

The Bhujangas include :

—

1. Godha
9 GrihagolikaandKrikaIdsa(VamntsLS

lizards, common lizards, and chameleons).

Su&ruta names four varieties of the

o 2
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Kanava, a species of chameleon-like

lizards (cf. Lddydyana quoted by
Dalvana,

Kalpasthdna, Chap. VIIL), also six varie-

ties of Galagolika (a species of lizards),

and five varieties of Godheraka, Varanus-

like lizards, but smaller in size.

Susruta mentions the frogs (Udvijja,

eruptive or metamorphic ?) after the

quadrupedal and centipedal Eeptilia

(Kanava, Godheraka, Galagolika, and

gatapadt). Eight species of frogs are

named. The frogs are explained by the

mythologist to have arisen from dirty

water in the rainy season. . .mj^^ *r.

(i.e. *VK%m\) *****^ Dalvana,

Kalpasthdna, Chap. VIIL).

Ktirmas and Nakras, tortoises and croco-

diles (Chelonia and Emydosauria, Rep-

tilia). Some species of the former are

oval, others elongated (^^stftiftfor.)-

giSumdras, the Delphinidae (Odontocete

cetacea).

Susruta's Pddinas (aquatic animals

having pedal or long dorsal appendages)

are a conventional class formed for

practical dietary purposes, and include (2)

and (3) and also the Karkatas, crabs

(Crustacea). Umasvati's Bhujanga class,

being a natural sub-division ofVertebrates,

does not include Crustacea, which are

rightly placed among the Invertebrates.
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(d) Lomapaksa paksi, winged animals with feathery

wings, birds proper. These are oviparous,

while the winged animals with leather wings

(^*flmHM(g)«j t :) are placentalia of the Deciduata

class (iftrnin).

The Birds proper are divided into four classes :

—

(1) Plavas, aquatic or amphibious birds, comprising

the Natatores and the Grallatores. Various

species are described.

(2) Viskiras, those that scatter their food in

picking up.

(3) Pratudas, those that pierce or torment their

food (fruits or grains).

The enumeration of the species under (2) and

(3) shows that these two classes included

the Passeres (vera and so-called), the Scan-

sores, the Rasores, and the Columbse.

(4) Prasahas, birds of prey proper (Raptores).

Dalvana's descriptions of deer and birds are precise,

turning upon coloration, habits of life, etc., e.g. the

descriptions of the Ruru, the K&randava, and the

Kanka, expressly quoted from some (unnamed) hand-

books :

—
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The sources from which Dalvana derives detailed

information about these varied forms of animal life are

now unavailable, but these extracts abundantly testify

to the minute Nature study of the Hindus.

The Hindus had of course no idea of an anatomical

classification of birds.

The ancient writer L&dyfiyana had a much better

idea of zoological description in reference to the Kitas

(insects and reptiles, vide infra).

II.

—

Jardyujas (viviparous, lit. placentalia) in the

usual wider sense, comprising

—

(a) Charmapaksa pdksis, leather-winged animals,

which are Deciduata (Potaja). Charaka calls

them Mrigapaksiria (mammal birds), and distin-

guishes them from the birds of prey proper, in

his enumeration of the Prasahas (Sutrasthdna,

Chap. XXVIL). The Bats mentioned are :—

(1) Valguli (flying-fox).

(2) The Paksi Virdla (flying-cat, micro-

Chiroptera).

(3) The Bharanda (a species of micro-Chiro-

ptera, the horse-shoe bat ?).

(4) The Jalukd (lit. aquatic or amphibious, or

more probably leech, bat, blood-sucking

or vampire bat?). These are placed

among carnivorous animals.

(b) The VileSaya Jardyujas, mammals that live in

holes or burrows, including various species of

Rodents and Insectivora, which are named.
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Eighteen different varieties of mice are specified

(Su6ruta, Kalpasth&na, Chap. VI.).

(c) ParnamrigcLS, arboreal mammals, comprising

some Rodents (squirrels, etc.), a wild-cat, the

sloths, and the apes (*nre).

(d) Non-carnivorous quadrupeds (wim^rc) :

—

(1) Janghdlas (lit. strong-legged quadrupeds,

frequenting hilly and jungly tracts), com-

prising various species of deer (non-

carnivorous wild animals, *n*«mf).

(2) Kulechara, mammals grazing on the

banks of rivers, and frequenting marshy

places, comprising the elephant, the

rhinoceros, the gaveya (Bos gavseus), the

buffalo, the hog, and also several species

of deer (which live in well-watered lands).

These are also non-carnivorous

(3) Gr&myas (lit. living in or near villages),

non-carnivorous, domesticated quadru-

peds, some with undivided hoof, others

with cloven hoof, comprising the horse,

the mule, the ass, the camel, the cow, the

goat, the sheep, etc These are all non-

carnivorous. The dog and the cat are

not mentioned in the list.

(e) Carnivorous quadrupeds, GuhMaya (living in

natural caves or hollows, carnivorous Kravy&da),

comprising the lion, the tiger, the wolf (of the

dog class), the hyena, the bear, the panther, the

cat, the jackal, etc. The Carnivora were termed
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Vydlas or Kravyddas, and the Herbivora Pasus

(in a wider sense).

(/) Man.

The term Jardyuja, in a wider sense, came to mean
" viviparous/' and included the above orders of animals.

But the Jainas used the term Jardyuja in a narrower

sense to mean only those viviparous animals which

come out at birth with the placenta (a-deciduata). The

Deciduata (including the Proboscidea, the Rodentia, the

Insectivora, the Chiroptera, etc.) were termed Potaja,

lit. viviparous animals born without placenta. Man,

the apes, and the Carnivora are, however, reckoned with

the Jardyuja (viviparous, born with placenta). Perhaps

the afterbirth was observed in these cases, whereas the

Potajas (Deciduata) may have been erroneously con-

ceived to throw off no placenta (nSf n*r, supra).

L&dy&yana appears to have made a special study

of the classification of Kitas (Insects and Reptiles),

and is quoted by Dalvana as a great authority on

the subject

The various forms (ct) of Kitas are to be distin-

guished from one another by peculiarities in the

following marks :

—

(1) Dottings or markings, (2) wings, (3) pedal

appendages, (4) mouth, with antennae or nippers

(fpr^r—Dalvana), (5) claws, (6) sharp, pointed hairs

or filaments, (7) stings in the tail, (8) hymenopterous

character (Ufath inpfrrfW:), (9) humming or other noise,

(10) size, (11) structure of the body, (12) sexual organs

(this is how I interpret linga here), and (13) poison and

its action on bodies.
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Of- wjfir. ftr^swifii: vft: v$i g«h irfh

Om^iim «,qgt4 flwmnfr II

(Quoted from Ladyayana by Dalvana, Kalpasthdna,

Chap. VIII.)

I
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CHAPTER VI.

HINDU PHYSIOLOGY AND BIOLOGY.

Section 1.

METABOLISM.

The food that we eat contains five classes of organic

compounds. From their radicles or predominant

elements, the substances are named Earth-compounds,

Ap-compounds, Tejas-compounds, V&yu-compounds, and

Ak&Sa-compounds. The Earth-compounds supply the

hard, formed matter of the body, the Tejas-compounds

give the animal heat (or the metabolic heat), the V&yu-

compounds are the sources of the motor-force in the

organism, the Ap-compounds furnish the watery parts

of the organic fluids, and the Ak&6a-compounds con-

tribute to the finer etheric essence which is the vehicle

of the conscious life

Roughly speaking, the Earth-compounds answer to

the nitrogen compounds in the food, the Tejas-com-

pounds to the hydro-carbons (heating-producing), and

the V&yu-compounds to the carbo-hydrates (dynamic).

The Ap-compounds are the watery parts of food and

drink. The flesh, for example, is a tissue composed

principally of the Earth-compounds ; the fat,ofthe Earth-

and Ap-compounds ; the bones, of Earth-, Vfcyu-, and

Tejas-compounds. Different operations of the metabolic
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heat (perhaps different digestive fluids are also meant) are

required to digest the different substances in the food.

The course of metabolism is described as follows.

The entire alimentary canal is called the Mah&srotas

(the great channel).

The food goes down the gullet by the action of the

bio-motor force, the Prdna Vdyu.

In the stomach (wmrjni) the food becomes mixed up,

first with a gelatinous mucus (Wtat *nt) which has a

saccharine taste, and then gets acidulated by the further

chemical action of a digestive juice (tyi*i{j|ji1 *nr:,

evidently the gastric juice is meant). Then the bio-

motor force, the Samdna Vdyu, begins to act, and

drives down the chyme, by means of the Grahani Nddi,

to the Pittdiaya (duodenum, lit. bile-receptacle), and

thence to the small intestines (the vtttotjr). In these,

the bile (or rather the digestive substance in the bile, as

opposed to the colouring element) acts on the chyme

and converts the latter into chyle (ts), which has at

first a katu taste (pungency). This chyle contains in

a decomposed and metamorphosed condition all the

organic compounds, viz. tissue-producing Earth-com-

pounds, water-parts or Ap-compounds, heat-producing

Tejas-compounds, force-producing V&yu-compounds, and

lastly, finer etheric constituents which serve as the

vehicle of consciousness. The essence of chyle (fpm)
from the small intestines is driven by the bio-motor

force, the Prdna Vdyu, along a Dhamani trunk (cf. the

thoracic duct), first to the heart (which is a great

receptacle of chyle), and thence to the liver (and the

spleen) ; and in the liver the colouring substance in
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the bile acts on the essence of chyle, especially on the

Tejas-substance therein, and imparts to it a red pigment,

transforming it into blood ; but the grosser part of chyle

(*J3wm) proceeds along the Dhamanls, being driven

by the bio-motor force, the Vydna Vdyu
%

all over the

body.

When the blood has been formed, the essence of

chyle in the blood, acted on by Vdyu (bio-motor force)

and M&ms&gni (the flesh-forming metabolic heat), forms

the flesh-tissue, the Earth-compound of the food-

substance especially contributing to this tissue. Of the

flesh-tissue thus formed, the grosser part goes to feed or

replenish the flesh-tissue all over the body. The finer

essence of flesh in the blood in the chyle, acted on again

by Vdyu (bio-motor current) and the fat-forming

metabolic heat (*$sfrf) in the menstruum of lymph

(wk wftra), receives viscosity and whiteness, and

produces the fatty tissue, the Earth-compounds and

Ap-compounds of the food specially contributing to the

product. This fat in the chyle (or blood), or rather the

grosser part of it, replenishes the fatty tissue of

the body, but the finer essence of fat in the flesh in

the blood in the chyle, acted on by Vdyu (bio-motor

current) and the marrow-forming metabolic heat, in the

menstruum of lymph
(^fcmnyr), becomes hard (crystal-

line) and forms bone, the Earth-, Vflyu-, and Tejas-

compounds contributing principally to the product. The

essence of the fat fills the hollow channels of the bones,

and acted on again by bio-motor Vdyu and metabolic

heat, becomes transformed into marrow. The marrow

is similarly transformed into the semen, which is con-
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veyed down by means of a pair of Dhamanis or ducts

(w ?nwi), lodged in its receptacles (jtwvtt—^wft), and

discharged by means of another pair of ducts (vfiranra).

The semen, or rather all the elements in their finer

essence, give off ojas, which returns to the heart,

the receptacle of chyle and blood, and again floods

the body and sustains the tissues, thus completing the

wheel or self-returning circle of metabolism
(mIX^Rm^

cf. Charaka and V&gbhata).

It is to be noted that, throughout, the fluid in the

chyle or blood acts as the menstruum, though occasion-

ally the lymph, which is itself a derivative from the

chyle, is added, as in the case of the fatty tissue and

the bones; and that each preceding element or con-

stituent of the body (^tj—#nwi ^tj) takes up the

proper organic compounds from the food chyle to form

the next element or tissue. Throughout, also, the

chemical changes are due to the metabolic heat which

breaks up the compounds and recombines, but the

operations, and even the vehicles perhaps, of this heat

are different. For example, these heat-corpuscles in

the biliary ducts produce the bile, but the bile-secretion

is supposed to contain two distinct substances : (1) a

digestive fluid in the duodenum (fta^Pi), which acts on

the chyme to produce the chyle m| m^#Hrt ftrtf)

;

and (2) a colouring bile-substance in the liver, which

adds a red pigment to the chyle and transforms it into

blood (twits* ftr#). Besides, there are three other biles,

of which the aqueous humour in the eye is supposed to

be one (^ftw* ftrtf), helping in the formation of visual

images (iron**). This is the view of Dhanvantari and
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his school, but Atreya holds there is no evidence that

the bile really performs the first (digestive) function,

for this can be accounted for by the animal heat arising

from the working of the whole bodily machine.

There are three different hypotheses regarding the

course of metabolism and the successive transformations

of the chyle foh^ftrare—^Trtygrprni—*gNnfararefif ftnn

HTyfrrcnffn—Chakrap&ni, Bh&numati, Sutrasth&na, XIV.,

10 ; also his commentary on Charaka, Sutrasth&na,

XXVIII.), but my account is based on the second hypo-

thesis, which has the preference of Chakrap&ni (^rnn).

It may be added as a curiosity that each element of the

body (vnj) under the metabolic heat is supposed to give

off a finer essence (^pgram), which serves as the material

of the next succeeding element, and a dross which

forms some of the excreta in the body (including the

nails, the hair, etc), besides retaining its own substance

(the gross or main part), which is driven along by the

Vdyus (bio-motor or vital currents), or by the &rotas,

to its destination in the body.

Some idea of circulation appears to have been

entertained, for the heart which receives, and then sends

down the chyle through the Dhamariis, gets it back

transformed into blood, and the ojas also proceeds from

the heart and returns to it along with the chyle and

the blood.

(Cf V&gbhata, irn fawn fiju: xmwnt *tar. wftnrrw:) i

M^iHiiiwi ^ wi^ni "HiwTfimu i f^mw *wvt uujj^ ju&it^

jflMfiinft^ i—SuSruta, Sfitrastkdna, Ch. XLVI. ; cf. also

—Ibid., Ch. XLI. ^hfWR^wnwn toNto: hhnui: i to^t-
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Charaka quoted by Dalvana. *mft ^Oyffkfy,

ttt P««hi«4 «nrarc t *<3ww*gn iWItpr^ fayvfir i . . . kh^m ^

iftOifruMl to «*Tkm: i *s*t inftf ^far *n*T mi* ^^wt i

aw i^Hqq tk *r. jnl tfwnrir mn i—Charaka-Dridhavala

Samhit& quoted by Aruna in his commentary on

V&gbhata.)

w *<kPhh* f^mra* lrwrawt ionium

**fic i ^ umwh«i sffrnrtjh ^rofir i mft umiijii«i

nfrnrarcufir, wyOiiMig^ toct 3n# i (Chakradatta,

Bh&numati). This passage shows that the "venous

blood " was conceived to be chyle-essence mixed with

blood, and that the circulation of the chyle, so far as it

was held to contribute its quota to the constituent

elements and tissues of the body, was really supposed

to be identical with the circulation of the blood (mft

mwmm JfUwmmPd). This will be abundantly clear

from the following account of the course of the chyle

and the blood :

—
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flnrflf i . . . win ^rtthww wrprnra wft ^nn i w<$: i

*gsft wft tspitw«t fain Tjftyin jiOiKwi T^fc tfhnr^ ir-
«ng*ii wftjftvnrtfW: nwt^ «*<wO<*inirfi ^fVrrfiff jwrflf i ww:

mftr i et seq.

This finer essence of chyle which nourishes the flesh

is also carried in the blood, on the irrigation channel

hypothesis (i^lO-Jt^i^m)

•

Section 2.

THE CIRCULATORY SYSTEM.

The standing puzzle of Hindu anatomy and physio-

logy is the classification of the &irds, Dhamanis, and

&rotas, the channels, passages, and ducts in the body

including the arteries, veins, nerves, lymphatic vessels, etc

The difficulty was felt by the ancient observers them-

selves. Some were of opinion that the Dhamanis and

iSrotas are only modifications of the &irds
f and that the

division is artificial Su6ruta, however, contends that

they are distinct, because they can be traced to different

roots and have different functions ; they are apt to be

confounded only because they are minute, juxtaposed,

and similar in function (SuAruta, &&rirasth&na,

Chapter IX.). Charaka also accepts the established

division, but points out that the numbers as estimated

are conjectural (wfirifcrowwt wiftirw, &drtrasthdna,

Chapter VII. ).

The &ir&8, Dhamants, and &rotas form networks
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(insnftr) of cords, fibres, passages, which in the foetus

take their rise from the umbilical cord, and proceed

upwards to the heart and head, downwards to the

kidneys and rectum, and outwards to the trunk and

limbs. These three classes comprise all the vehicles or

conductors of the fluids, secretions, and currents in the

bodily system.

The &rotas (currents). This is a peculiarity of

Hindu physiology. The chyle, the blood, the Vdyu,

the metabolic fluid (flnr), the lymph, the fat, the marrow,

in every part of the body, is supposed to be connected

by means of subtle currents (3rotas) with the same

kind of fluid (or tissue) in every other part.. Without

supposing such special connections, many pathological

phenomena cannot be explained.

The &irds are divided into four groups: (l) the

arteries for conducting the blood, (2) the lymphatics

for conducting the lymph, (3) a class of bile-ducts, and

(4) a class of ducts for the Vdyus, the currents which

work the automatic and reflex machinery of the living

organism. In each group there are 10 trunk Sir&s,

which sub-divide into 175 cords, and further ramify

minutely all over the body, even as a network of

minute fibrils covers the leaf of a tree.

The functions of the different groups of SirAs are to

conduct or transmit the (arterial) blood, the lymph, the

bile, and the (vital) Vdyu currents respectively to the

different parts of the body. The Sirds are compared to

the conduits of the flowing water in a pleasure-house (a

garden), or the channels of irrigation that flood a field.

The conduction (or transmission) of the fluids and

p
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currents is effected by an alternate dilation and con-

traction of the vessels, the systolic movement differing

according to the nature of the fluid propelled

:

ginRre^fhnftH irrat uamu i unit •!! mn iwrtsg^St wn-

ftcrt^ * i unit gjgfiyrrewTft^ i wrcrt qnrerfgaft ftnr*T-

fipft #Miiif\e4\ ^r^r nwTflpn—SuSruta, Sdrtrasthdna,

Chap. VII.

The Dhamanis in the foetus take their rise from the

umbilical cord, thus bringing nourishment from the

mother. They are divided into three groups : (a) ten

trunks or cords going up to the heart, and thence to the

head, (b) ten going down to the intestines, kidneys, and

rectum, and (c) four branching obliquely or sidewise,

and ramifying over the whole body. In a general way,

it may be stated that the Dhamanis comprise (1) the

veins, (2) the nerves (including the sympathetic system),

(3) the chyle-ducts (including the thoracic duct?) as

distinguished from the other lymphatics, which are

mostly classed as &irds, (4) the ducts for urine, sweat,

and other secretions, and (5) lastly, certain classes of

bile-ducts and conductors of Vdyu currents, possibly

those connected with the venous system and the chyle-

ducts.

The first group of Dhamanis:—Special features:

Each of the ten ascending Dhamanis, on reaching the

heart, trifurcates, and proceeds to the head. Of these

fibres, one pair is engaged in conducting each of the

four sensory currents (those of sound, colour, taste, and

smell) from the sense-organs, as Charaka and Sutiruta
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must have supposed, to the heart, which is for them the

seat of consciousness ftjnrar ^M imH^ , Sufiruta,

&drirasthdna, Chap. IV. ; ^Mif*MH*w^ Charaka,

S&rirasthana, Chap. VIII. ). Other Dhamanis, also in

pairs, are engaged in conducting automatic (or voluntary)

motor currents {e.g. the currents concerned in respira-

tion, yawning, sleeping and waking), or the secretions

of the lachrymal and mammary glands.

The second group of Dhamanis :—Special functions

:

The descending Dhamanis go down to the intestines,

kidneys, bladder, and rectum, and their special function

is to convey, in pairs as before, urine and other secre-

tions and excreta. They also convey the chyle from

the small intestines to the ascending as well as the

ramifying Dhamanis. In addition, some of them

convey sweat to the ramifying Dhamanis.

The third group :—Special functions : The remaining

four Dhamanis ramify obliquely over the body into

millions of fibres and fibrillae, which terminate in the

pores of the skin. From all parts of the periphery

they conduct the sensory currents of touch to the

central organ of the heart (including the internal

organic sensations). Being connected with the pores

of the skin, they conduct sweat outwards, and the

influences of baths, embrocations, and fomentations

inwards.

Other Dhamanis serving as chyle-ducts and as

(venous) blood-vessels.—Besides the special functions

performed by the three groups, there are two character-

istic functions common to certain classes of Dhamanis

which are found in all the three groups, viz. the conduc-

P 2
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tion of chyle and of (venous) blood, ie. of impure blood

before it gets its red pigment from the liver. It may
also be added that the three principal elements of the

body

—

Vdyu (vital current),Pitta (bile, or rather the fluid

animal heat which produces metabolism, vtw, and flows

to all the parts of the body by means of connective

passages), and Kapha (lymph)—make use of the

DhamanU as well as the &irds and &rotas, i.e. of all

manner of conductors in the organism (cf. Charaka,

Vimdnasthdna, Chapter V.).

The functions of the Sirds may therefore be stated

as follows :

—

(1) The conduction of blood from the liver and

spleen, red blood (what may be called the arterial blood

of this system of physiology), to the heart, head,

trunk, limbs, etc

(2) Common functions of all connective passages,

viz. the conduction of Vdyu (vital current), Pitta

(metabolic fluid), and Kapha (lymph).

The different classes of Dhamanis, with their

functions, are :

—

(1) The nerves: (a) eight sensory (central) nerves

for the four special senses other than touch ; (6) twelve

motor nerves partly for voluntary and partly for

automatic movements ; and (c) the nerves of touch and

organic sensation, including the sympathetic nerves.

(2) and (3) The chyle-ducts and the conductors of

(venous) blood before it is transformed into blood in

the liver (and the spleen).

(4) The classes of Dhamanis, which, in common
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with the Sir&s and 3rotas, conduct Vdyu, Pitta, and

Kapha, the prime movers of the organic life.

Thr Vascular System.

The anatomical arrangement of the Sir&s and

DhamanU in Charaka and SuSruta is so obscure that

only a rough outline of its general features can be

attempted. In fact, Charaka contents himself with

giving the number of &ir& cords as 700, and of

Dhamani cords as 200. He also estimates the rami-

fications as numbering 3,056,900.

The carriage of the blood and the lymph is

accomplished by two sets of vessels, &irds and DhamanU,

the first standing for " arteries " (with capillaries)

and lymphatics (other than chyle-ducts), and the

second for " veins " and chyle-ducts (as well as certain

passages for sweat, etc.).

The navel in the foetus is taken to be the source

and origin of the entire vascular system, whether for

the blood or the lymph. V&gbhata takes the heart to

be the origin of the &ird$.

From this central alimentary tract two sets of

vessels (&ird$ and DhamanU—Rasavdhinyah) issue for

the flow of the chyle and other lymph, and two sets

(&irds and DhamanU, " arteries " and " veins "—
Raktavdhinyah) for the flow of the blood.

The Lymph (and Chyle) : Distribution.—The chyle

is conducted by the chyle-bearing DhamanU (Rasa-

vdhinyah), and the lymph (other than chyle) by the

lymph-bearing &irds and DhamanU (Kaphavdhinyah).
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The lymph-bearing &irds comprise 10 branches at the

origin, and ramify into 175—viz., 25 in each leg,

25 in each arm, 8 in the pelvic cavity, coccyx, penis,

etc., 2 in each side, 6 in the back, 6 in the abdomen,

10 in the breast, 14 in the neck, 2 in the ears,

9 in the tongue, 6 in the nose, and 10 in the

eyes.

The chyle is carried by another system of vessels

(Rasavdhinyah Dhamanyah). The chyle-ducts issue

from the Navi (possibly the receptaculum chyli in this

case). A Dhamani trunk descends to the small

intestine, and, taking up the chyle, proceeds upwards

towards the heart (thoracic duct?). Two chyle-ducts

as well as two lymph-ducts (Dhamanzs—Rasavdhinyah

and KapJiavdhinyah) proceed from the heart, and

ramify over the head and trunk. Similarly two

chyle-ducts and two lymph-ducts proceed from the

intestinal tract and ramify over the pelvic region.

Four obliquely branching Dliamanis (bearing chyle,

sweat, and internal secretions) also spread from the

central tract, and ramify in numberless minute

channels over the limbs and the body.

The Blood-vascular System.—There are two classes

of blood conductors : (1) &irds, which break up into

capillaries (Pratdn) and distribute "pure" blood from

the liver (and spleen) to the heart, and from the heart

to the rest of the body (asrigvahdscha rohinyah Sirah

ndtyvxnaSitaldh,—SuSruta, Sartrasth&na, Chap. VII.

;

cf. V&gbhata : daSa m&laSirdh hritsthah, Chap. III.,

Sflrirasth&na), and (2) Dhamanzs (Raktavdhinyah),

which proceed, two from the intestinal tract (portal
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vein and inferior vena cava), and two from the heart

(superior vena cava and pulmonary artery ?).

The " venous " blood (chyle-mixed blood) proceeds

from the alimentary tract (gastric and intestinal

vessels), along a Dharnani trunk (portal vein ?) to the

liver (and spleen), where the chyle gets a red pigment

and is turned into (pure) blood. From the liver and

spleen, $irds (" arteries ") proceed to the heart. The

liver (and spleen, a minor blood-vascular gland) and

the heart are the centres of origin of the $irds

(" arteries "), and distribute pure blood by their means

over the entire body.

Arrangement of the blood-bearing &irds and

Dhamants. — Two blood - bearing Dhamani trunks

(" veins ") proceed from the heart (superior vena cava

and pulmonary artery ?), and two proceed from different

regions of the alimentary tract (portal vein and inferior

vena cava ?). Ten &irds bearing pure blood proceed

from the alimentary tract to the liver and spleen,

which are joined on to the heart by means of both

&irds and Dhamariis. The ten &irds are subdivided

into 175 branches, which are distributed over the

body in the same way as the lymph-bearing &irds

(vide supra).

It is clear that Charaka and Su&ruta had no idea of

the part played by the lungs in the purification of the

blood. The liver converts the " venous " blood in this

system into true (" arterial ") blood, and along with the

spleen serves as a basis of discrimination between a

&ird and a Dhamani, thus illustrating Su&ruta's

statement that the distinction between these two kinds
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of blood-vessels must be accepted as real, inasmuch

as they have different sources and different functions.

wfHHftMimi4WH^iimHi4 finrtl iHw^ ftrm wftrrfw:

jk1{ w^ftr w^fciwrift fWipnrRt r^nwRirfW^TTTftr (Su&ruta,

&&rirasth&na, Chap. IX.). im MN»ftl>«^ wnrcsi

nftiW: ^int jrcW vgigMfrift i to? yO^jv i ^ifl^uMi^

nflf^rewftnrgn 1 * ^srwton qyuflg i «ft m*? tmj^flr i (Ibid.,

Chap. IV.). tftnrraNwnwro ^kImim ^finrt TiKftmfinrtinr i

(Ibid., Sutrasth&na, Chap. XIV.). ?nr%TT^nrTf^ mftir i

wt£ T^rfiff wyin «§I4 i ^ Tjwnpt vw?r^ i vmnl ^rrt

^lyin^ > *rr. fipncr. ^nr^ik ^ iim i^ jj^h^

(Sarfrasth&na, Chap. VIII.). fWhn (w) twu i

TOrt jfrftrt ftjinfl^ f^rorj inwir sfafta wftr (Ibid., Chap. IV.).

gall-bladder) *r i im flnra ftrmn i *w** i inftf^ wnn^nr.

tnrcTflpjwra i i i infill T^roTf^ro vfrtc i
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Section 3.

THE NERVOUS SYSTEM IN CHARAKA.

The Nerves.

—

Dhamariis as nerves : The anatomy of

the nervous system in Charaka and SuSruta can be

more clearly and confidently restored. The Dhamants

that ascend from the heart divide into thirty cords, of

which twenty, i.e. ten pairs, are cranial nerves, and

the other ten, or five pairs, are engaged in convey-

ing vital currents, metabolic fluid, lymph, blood, and

chyle.

The cranial nerves are: (1) four pairs of sensory

nerves carrying sensory impulses from the sense-organs

to the heart, viz. the optic, auditory, olfactory, and

gustatory nerves, and (2) six pairs of motor (or mixed

nerves), e.g. three pairs of motor nerves for the eye

(Motores oculorum, Pathetic and Abducentes) working

the Levator Palpebrae and other muscles of the orbit

;

one pair of motor nerves for articulation (the Hypo-

glossal) ; one pair of motor nerves for the larynx (the

Pneumo-gastric), and another pair connected with

mammae and (in the case of the male) the seminal duct.

It is further stated that other motor or sensori-motor

impulses are carried by some of these cranial nerves,

viz. those which produce sighs and sobs, yawning,

laughter, and hunger. Evidently some of the functions

of the pneumogastric and the spinal accessory nerves

are intended, as also of the phrenic and other nerves of

the cervical plexus.

Of the thirty descending Dkamanfo, ten (or five

pairs) are conductors of blood, chyle, vital current,
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metabolic fluid, and lymph, and the remaining twenty

are spinal nerves (specially the nerves of the sacro-

coccygeal and sacral plexuses, if not also of the lumbar

plexus). The obliquely branching Dhamanis, so far as

they are nerves, comprise the brachial and the lumbar

plexus, and divide and sub-divide hundred-fold, thousand-

fold, till they ramify into fibrillae round the pores of

the skin. They carry to the heart cutaneous sensations,

external as well as internal. A fibril (^pgranft) is said

to be as minute as the thousandth part of a hair

*?wt*pt f^mj irons:

—

Panchada$t).

fli^iM itj ^nr^rt v^hit ^Nn jpvr ^fttrthrt

OTrfli roifrftr virtft^i i Sft* *rn*j*ftw*rw-

(SuSruta, &arfrasth&na, Chap. IX.).

Section 4.

THE NERVOUS SYSTEM AFTER THE TANTRAS

—

PSYCHO-PHYSIOLOGY.

In Charaka and SuSruta (as in Aristotle) the heart

is the central organ and seat of consciousness ; but in
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the Tantric writings (as in Galen) the seat of conscious-

ness is transferred to the brain or rather the cerebro-

spinal system. The soul (the Jim) has its special seat

within the Brahmarandhra above the foramen of Monro

and the middle commissure, but traverses the whole

cerebro-spinal axis, up and down, along the Susumna

(the central passage of the spinal cord). The Brahma-

danda (vertebral column) contains the Susumna, the

Brahma Nddi, and the Manovahd Nddz. The cerebro-

spinal axis with the connected sympathetic system

contains a number of ganglionic centres and plexuses

(Chakras, Padmas) from which nerves (Nddts, &irds
9

and DhamanU) 1
radiate over the head, trunk, and

limbs.

Section 5.

GANGLIONIC CENTRES AND PLEXUSES
(SYMPATHETIC-SPINAL SYSTEM).

Beginning with the lower extremity, the centres

and plexuses of the connected spinal and sympathetic

systems may be described as follows :

—

(l) The Adhdra Chakra, the sacro-coccygeal plexus,

with four branches, eleven angulis (about nine inches)

below the solar plexus (Kanda, BraJimagranthi) ; the

source of a massive pleasurable sesthesia, voluminous

organic sensations of repose. An inch and a half above

1 The writers of the Yoga and Tantra schools use the term

Nddi, by preference, for nerves. They also mean cranial nerves

when they speak of Sirfo, never using the latter term for arteries,

as in the older medical literature.
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it, and the same distance below the membrum virile

(Mehana), is a minor centre called the AgnisikM.

(2) The Svddhisthdna Chakra, the sacral plexus

with six branches (wflir, ^nftr—leaves), concerned in

the excitation of sexual feelings with the accompani-

ments of lassitude, stupor, cruelty, suspicion, contempt

(3) The Ndvikanda (corresponding to the solar

plexus, Bhdnubhavanam), which forms the great

junction of the right and left sympathetic chains

(Pingald and Idd) with the cerebro-spinal axis.

Connected with this is the Manipuraka, the lumbar

plexus with connected sympathetic nerves, the ten

branches of which are concerned in the production of

sleep and thirst, and the expressions of passions like

jealousy, shame, fear, stupefaction.

(4) The An&hata Chabra, the cardiac plexus of the

sympathetic chain, with twelve branches, connected

with the heart, the seat of the egoistic sentiments,

hope, anxiety, doubt, remorse, conceit, egoism, etc.

(5) The Bhdratisthdna, the junction of the spinal

cord with the medulla oblongata, which, by means of

nerves like the pneumo-gastric, etc., regulates the larynx

and other organs of articulation. This also comprises

the laryngeal and pharyngeal plexuses.

(6) The Laland Chakra, opposite the uvula, which

has twelve leaves (or lobes), supposed to be the tract

affected in the production of ego-altruistic sentiments

and affections like self-regard, pride, affection, grief,

regret, respect, reverence, contentment, etc.

(7) The sensori-motor tract, comprising two Chakras,

(a) the Ajnd Chakra, lit. the circle of command (over
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movements), with its two lobes, and (b) the Manaschakra,

the sensorium, with its six lobes (five special sensory

for peripherally initiated sensations, and one common

sensory for centrally initiated sensations, as in dreams

and hallucinations).

The Ajndvahd Nddis, efferent or motor nerves,

communicate motor impulses to the periphery from this

Ajnd Chakra, this centre of command over movements ;

and the afferent or sensory nerves of the special senses,

in pairs, the Gandhavahd Nddi (olfactory sensory), the

Bupavahd Nddi (optic), the 3avdavahd Nddi (auditory),

the Rasavahd Nddi (gustatory), and the Sparasavahd

Nddi (tactile), come from the periphery (the peripheral

organs of the special senses) to this Manaschakra, the

sensory tract at the base of the brain. The Manas-

chakra also receives the Manovahd Nddi, a generic

name for the channels along which centrally initiated

presentations (as in dreaming or hallucination) come to

the sixth lobe of the Manaschakra.

(8) The Somachakra, a sixteen-lobed ganglion, com-

prising the centres in the middle of the cerebrum, above

the sensorium ; the seat of the altruistic sentiments and

volitional control, e.g. compassion, gentleness, patience,

renunciation, meditativeness, gravity, earnestness, reso-

lution, determination, magnanimity, etc ; and lastly

(9) The Sahasrdra Chakra, thousand-lobed, the

upper cerebrum with its lobes and convolutions, the

special and highest seat of the Jiva, the soul.

^3*3 MkJlfli <mfn flYPTC *un . . . f^tt • . . *R^T FfRfftf^TOt
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wiql^i • • • <3ran ift^: . . . uro^ ^irflf ^3*3 oti^

Ann wnp . . . f^tn . . . 5*>ftt*regft fqq*M«ftM«i i ngrennfti \

jr^rhre ^frfijj ^93 ' wift*fti ^tpr^ tfrroft 1 5^3 ^rjr

inkhi i ^rt wiw itiwOgOi 1 *rtr. hiwmI
^rt^nfWt tj^tt 1 irol ffcnft *pnn ^hj?n i ... vtvt-

^n^m^n^r. qftdfyfu (wi*) ^run^ imn^

UtiflfliMHH as summarised in D&modara's Sangitadarpana

;

vide Sanglta-ratn&kara, ftR^Tftnrarcrtj verses 116-144)

qlfr iftwfl^d ww^ftr wwk itmrm %fkt ^rt wnntfflr ^ftfir.

finrfir 1 toh ^nygftngmT^i n^Sg^ ^wtjttwt 53^ $fir

*J3*T *r^*&mftRfl «MHis1 (•/ndna Sankalini Tantra).

For functions of Ajndvahd Nddi and Manovahd Nddi,

also see Sankara Mi&ra's Upaskdra.

The cerebrospinal axis and the heart : their

respective relations to the conscious life.—Vijnfina-

bhikshu, in the passage just quoted, identifies the

Manovahd Nddi (vehicle of consciousness, ftnrerra) with
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the cerebrospinal axis and its ramifications, and com-

pares the figure to an inverted gourd with a thousand-

branched stem hanging down. The Susumna, the

central passage of the spinal cord, is the stem of this

gourd (or a single branch). The writers on the Yoga

(including the authors of the various Tantric systems)

use the term somewhat differently. On this view, the

Manovahd Nddi is the channel of the communication of

the Jiva (soul) with the Manaschakra (sensorium) at

the base of the brain. It has been stated that

the sensory currents are brought to the sensory

ganglia along afferent nerves of the special senses.

But this is not sufficient for them to rise to the

level of discriminative consciousness (^iftpswpnpO. A
communication must now be established between the

Jiva (in the Sahasrdra Chakra, upper cerebrum) and

the sensory currents received at the sensorium, and

this is done by means of the Manovahd Nddi. When
sensations are centrally initiated, as in dreams and

hallucinations, a special Nddi (Svapnavahd Nddt),

which appears to be only a branch of the Manovahd

Nddi, serves as the channel of communication from the

Jiva (soul) to the sensorium. In the same way, the

Ajndvahd Nddt brings down the messages of the soul

from the Sahasrdra (upper cerebrum) to the Ajnd

Chakra (motor tract at the base of the brain), messages

which are thence carried farther down, along efferent

nerves, to various parts of the periphery. I may add that

the special sensory nerves, together with the Manovahd

Nddi, are sometimes generally termed Jndnavahd Nddi,

lit. channel of presentative knowledge. There is no
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difficulty so far. The Manovahd Nddi and the Ajndvahd

Nddi connect the sensori-motor tract at the base of the

brain (Mdnaschahra and Ajndchakra) with the highest

(and special) seat of the soul (Jiva) in the upper

cerebrum (Sahasrdra), the one being the channel for

carrying up the sensory, and the other for bringing

down the motor messages. But efforts of the will

(2jn&, Prayatna) are conscious presentations, and the

Manovahd Nddi must therefore co-operate with the

Ajndvahd in producing the consciousness of effort.

Indeed, attention, the characteristic function of Manas,

by which it raises sense-presentations to the level of

discriminative consciousness, implies effort (Prayatna)

on the part of the soul (Atman, Jiva), an effort of which

we are conscious through the channel of the Manovahd

Nddi. But how to explain the presentation of effort in

the motor nerves ? &ankara MiSra, the author of the

Upaskdra on Kandda's S&tras> argues that the Nddis

(even the volitional or motor nerves) are themselves

sensitive, and their affections are conveyed to the

sensorium by means of the nerves of the (inner) sense

of touch (which are interspersed in minute fibrill»

among them). The consciousness of effort, then, in any

motor nerve, whether Ajndvahd (volitional-motor) or

Prdnavahd (automatic-motor), depends on the tactile

nerves (or nerves of organic sensation) mixed up with

it Thus the assimilation of food and drink by the

automatic activity of the Prdnas implies an (automatic)

effort (n1<M<ftPHU4lM) accompanied by a vague organic

consciousness, which is due to the fact that minute

fibres of the inner touch-sense are interspersed with the
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machinery of the automatic nerves (the Prdnavahd

Nadte).

tf $ ^1 f^rfti ^ w^tt ^AiQi4id*j*w i (&ankara

MiAra's Upaskdra, on Sutras 14, 15, Ahnika 2, Chap. V.).

The Heart The heart in the older schools is

considered to be the seat of waking consciousness ; for

the heart expands during waking life and contracts

during sleep.

Sleep fcrra) again is of two kinds, (1) dreaming sleep

(swapna, mpti), when the external senses are withdrawn

into the heart, but the representative-presentative

faculty (ir:, fit) wakes, and (2) dreamless sleep (srnupti),

when this last faculty is likewise merged in .the mere

automatic activity of life.

mnqiWH:—{Sangita-ratn&kara).

Section 6.

NERVE-CORDS AND FIBRES (SYMPATHETIC-SPINAL
SYSTEM).

Nerve-cords and fibres—Cranial and spinal nerves,

and the connected sympathetic nerves.—With the

writers on the Yoga, all the &irds, and such of the

Dhamanis as are not vehicles of vital current, metabolic

Q
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fluid, lymph, chyle or blood, are cranial nerves, and

proceed from the heart through the spinal cord to the

cranium. These cranial nerves include pairs for the

larynx and the tongue, for the understanding and use

of speech, for the raising and lowering of the eyelids,

for weeping, for the sensations of the special senses, etc

—

a confused and unintelligent reproduction of SuSrutas

classification. But the enumeration of the spinal nerves

with the connected sympathetic chain and ganglia, is a

distinct improvement on the old anatomists. The

following plan attempts to give a rough idea of the

relative position of the principal nerves of the sympa-

thetic-spinal system.

pusA
o

payasvinI o

gAndhAb!
o

PINGALA

SABASVATf
o

O SANKHIN?

KUHU
O

O IDA

o
vAranA

o
jaSasvin!

Right.

VlSVODARA

o
HASTUIHVA

o
#ALAMBUSA

Left.

The Susumnd is the central cord in the vertebral

column (ira^n, ^5)- The two chains of sympathetic

ganglia on the left and the right are named Idd and

Pingald respectively. The sympathetic nerves have

their main connection with Susumnd at the solar plexus

(mjwr, ^t6wi in the H ifa*^ or inrarftq). Of the

seven hundred nerve-cords of the sympathetic-spinal
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system (yftiTCT: Sangita-ratn&kara), the fourteen most

important are :

—

(1) Susumnd, in the central channel of the spinal

cord.

(2) Idd, the left sympathetic chain stretching from

under the left nostril to below the left kidney, in the

form of a bent bow.

(3) Pingald, the corresponding chain on the right.

(4) Kuhu
y
the pudic nerve of the sacral plexus, to

the left of the spinal cord.

(5) Gdndhdri, to the back of the left sympathetic

chain, supposed to stretch from below the corner of the

left eye to the left leg. It was evidently supposed that

some nerves of the cervical plexus came down through

the spinal cord and joined on to the great sciatic nerve

of the sacral plexus.

(6) Hastijihvd, to the front of the left sympathetic

chain, stretching from below the corner of the left eye

to the great toe of the left foot, on the same supposition

as before. Pathological facts were believed to point

to a special nerve connection between the eyes and

the toes.

(7) Sarasvati, to the right of Susumnd, stretching

up to the tongue (the hypo-glossal nerves of the cervical

plexus).

(8) Pusd, to the back of the right sympathetic

chain, stretching from below the corner of the right eye

to the abdomen (a connected chain of cervical and

lumbar nerves).

(9) Payam.ni, between Pus& and Sarasvati, auricular

branch of the cervical plexus on the right.

Q 2
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(10) Sankhini, between G&ndh&ri and Sarasvati,

auricular branch of the cervical plexus on the left

(11) Ja&asvini, to the front of the right sympa-

thetic chain, stretching from the right thumb to the

right leg (the radial nerve of the brachial plexus

continued on to certain branches of the great sciatic).

(12) Vdrand, the nerves of the sacral plexus,

between Kuhu and Jasa6vini, ramifying over the lower

trunk and limbs.

(13) ViSvodard, the nerves of the lumbar plexus,

between Kuhu and Hastijihvfi,, ramifying over the

lower trunk and limbs.

(14) Alarribusd, the coccygeal nerves, proceeding

from the sacral vertebra to the urino-genitary organs.

(
Vide Sangita-ratnftkara, ^rcrani, flwulflMftimm^—

&lokas 144-156. Also, the Yog&rnava.)

Section 7.

AUTOMATIC AND REFLEX ACTIVITY OF THE
ORGANISM—THE FORTY-NINE VAYUS.

Charaka describes Vdyu as that which keeps the

machine of the body at work, the prime-mover, the

impelling force which sets in motion the organs

(including the senses and the mind), which arranges

the cells and tissues, and which unfolds or develops the

foetal structure out of the fertilised ovum. Charaka

and SuSruta notice the five chief Vdyus with their

functions in the maintenance of the animal life. Sudruta

mentions Prdna as having its course in the mouth, and
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concerned in deglutition, hiccough, respiration, etc,

Uddna as concerned in articulation and singing,

Samdna as digesting the food in the stomach in con-

junction with the animal heat, Vydna as coursing

all over the body, driving the chyle and causing

the flow of blood and sweat, and Apdna as having

its seat in the intestinal region, and sending down

the urino-genital secretions. (Su6ruta

—

Niddnasthdna,

Chapter I.)

In the mediaeval physiology the number of Vdyus

is given as 49. As in Charaka and Su&ruta, the Vdyus

are regarded as the moving or impelling forces that

work the organism and all its automatic and reflex

machinery. The Ajndvahd Nddts (efferent nerves) are

only channels for the conduction of commands of the

self or the will (^ imhum) ; the Vdyus, on the other hand,

are forces (or currents) that maintain the automatic,

reflex, or instinctive activities of the organism. The

ten chief Vdyus with their functions are enumerated

thus :

—

(1) Prdna, which works the ideo-motor verbal

mechanism and vocal apparatus, the respiratory system,

the muscles engaged in coughing, sighing, etc.

(2) Apdna, which ejects the excretions and wastes,

the urine, the faeces, the sperm and germ-cells, etc.

(3) Vydna, whose work is extension, contraction, and

flexion of the muscles, tendons, and ligaments; the

stored-up energy of the muscles.

(4) Samdna, the force which, in conjunction with

animal heat, works the machinery of metabolism, in the

maintenance of the organic life. It drives or propels
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the chyle, blood, and every other current ($rota) or

circulating fluid in the body.

(5) Uddna, concerned in maintaining the erect

posture of the body.

(6) N&ga, which is concerned in involuntary retching,

vomiting.

(7) Kurma, which works the automatic movement

of the eyelids, winking, etc.

(8) Krikara, concerned with the appetites of hunger

and thirst

(9) Devadatta, which brings about yawning, dozing,

etc.

(10) Dhananjaya, which is concerned with coma,

swooning, trance.

^topt, Chap. XII.) ?r*t jwir. mm y^hfTCTftrngro^^-

Cf. the summary in Raja Sourindra Mohan Tagore's

edition of the Sangita-darpana.
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darpana, Chap. L, &lokas 43-48). Cf. the extract in

SWkara.

?nt *3fj w#j in *nrcsr^ ^nrfir 1 ^flr 1 (iSdriraka

Bh&sya, Chap. II., Pada 4, Sutra 2).

Section 8.

FOETAL DEVELOPMENT (AFTER SUSRUTA).*

The ovum fertilised by the sperm-cell and developing

under the influence of animal heat forms successive

layers and tissues, even as layers of cells and fibres are

formed in wood. First are formed seven layers, epithelial

and dermal (Saptatwaehah), then follow the several

tissues (Kaldh), the flesh, the vascular tissue, the fat

and marrow, the lymphatic and (glandular) tissue, the

intestinal tissues, the biliary and the seminal vessels.

These tissues are regarded by some as modifications of

the original dermal layers of the ovum (cf. the layers of

the blastoderm and their relation to the tissues in

Embryology). The tissues are supposed to be developed

successively, one out of another, by chemical action or

metabolism (pdka), e.g. chyle is transformed into blood,

blood into flesh, flesh into fat, fat into bone, bone (in

reality, fat in the bones) into marrow, marrow into

sperm-cell. The organs are next formed out of the

tissues. The liver, gall-bladder (kloma), spleen, and

1 Reproduced from my monograph in Dr. Ray's "Hindu
Chemistry," Vol. II.
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lungs are referred to the blood ; the intestines to the

blood, lymph, and bile ; the kidneys to the blood and

fat ; the testicles to the blood, lymph, and fat ; the heart

to the blood and lymph ; and the tongue to the lymph,

blood, and flesh. Vdyu, with the accompaniment of

animal heat, impels the "currents" (irotdrnsi) in the

system; Vdyu acting on the flesh gives rise to the

muscles ; and it is Vdyu, again, which, with the essence

of fat (or marrow), produces the nerves, arteries, and

tendons (Su6ruta, Sdrirasthdna, Chap. IV., and Sutra-

sthdna, Chap. XIV.).

The following parts (tissues and organs) in the foetus

are in a special sense modifications of the four organic

substances (compounds) contributed by the sperm-cell

of the male parent: hair, nails, teeth, bones, nerves,

veins and arteries, tendons and ligaments, and the

sperm-cell ; the following are modifications of the four

organic substances derived from the mother : skin, blood,

flesh, fat, the heart, liver and spleen, kidneys, stomach,

intestines, etc. (Charaka, &drirasthdna, Chap. IIL).

The rudiments of the head and the limbs begin to

appear in the third month, and are developed in the

fourth; the bones, ligaments, nails, hair, etc., become

distinct in the sixth. In the second month the sexual

character is indicated by the shape of the foetus, the

shape of a round joint (?) indicating the male sex, and

an elongated shape, as of a muscle (?), the female sex.

(Cf. Charaka, Sarirasthana, Chap. IV.—ftnftfrnfia to
*r«nnr fan: uv^ji 1 ^K ^ nj**;

Chakrap&ni notes to i fafft qprnfre: i *b(rt
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Section 9.

heredity.

Transmission of specific characters—what parental

characters are transmitted to offspring.—The question

is raised in Charaka (and earlier still in the Brdhmanas)

how specific characters are transmitted—why the

offspring is of the same species as the parental organism,

say, the human or bovine species, the equine species

(Charaka), or the Asvattha species, Ficus religiosa

(&ankara, Brihadfoanyaka-bh&sya). Species (*fonn) may
be compared to so many moulds, as it were, into which

the ovum is cast, even as molten metals are cast in

moulds. This is of course only an illustrative analogy ;

the cause has to be investigated.

Now Charaka and SuSruta, following Dhanvantari,

hold that the foetus, or rather the fertilised ovum,

develops by palingenesis (instead of epigenesis); in

other words, all the organs are potentially present therein

at the same time, and unfold in a certain order. As

the sprouting bamboo-seed contains in miniature the

entire structure of the bamboo, as the mango-blossom

contains the stone, the pulp, the fibres, which appear

separated and distinct in the ripe fruit, though from their

excessive minuteness they are undistinguishable in the

blossom, even such is the case with the fertilised ovum.

V*q I tyflgMN^ •ft'kfWfl <l*iij«/if^ ^flMk$H nwm
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tjq$Rn: wnw ngingfrT^ iwwftf H*far i (SuSruta, l§drtra

sthdna, Chap. III.).

The inheritance of specific characters is explained in

accordance with this view. Charaka assumes that the

sperm-cell of the male parent contains minute elements

derived from each of its organs and tissues.
( Cf. Darwin's

gemmule and Spencer's "ids.") &ankara similarly

states that the sperm-cell (or the seed in the case of a

plant) represents in miniature every organ of the parent

organism, and contains in potentia the whole organism

that is developed out of it OliOmirtiMi jpwirc qg iqWHi

CTwrftr i Charaka, Sdrtrasthdna, Chap. IV. ; cf. &ankara

on BrihaMranyaka).

But if this is so, why are not congenital deformities

of the parent, or constitutional diseases contracted in

later life, invariably inherited? Congenital blindness,

deafness, dumbness, stammering, lameness, or deformity

of the spinal column or of the bony framework, or

dwarfish stature, or constitutional diseases like madness,

leprosy, or skin diseases in the parent, do not necessarily

produce corresponding deformities or infirmities in the

offspring. It cannot therefore be that the fertilised

ovum represents in miniature every organ and tissue of

the parental organisms. The solution of this difficulty

Charaka ascribes to Atreya. The fertilised ovum, it is

true, is composed of elements which arise from the

whole parental organism (nyn fw*
, *»ppnm), but it is

not the developed organs of the parents, with their

idiosyncracies or acquired characters, that determine or

contribute the elements of the sperm-cell (or seed).

The parental Vija (seed, germ-plasm) contains the whole
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parental organism in miniature (or in potentia), but it

is independent pf the parents' developed organs, and is

not necessarily affected by their idiosyncracies or

deformities. In fact, the parental Vija (seed, germ:

plasm) is an organic whole independent of the developed

parental body and its organs. In the parental Vija an

element representing a particular organ or tissue may
happen (for this is accidental, to be defective or

undeveloped, or otherwise abnormally characterised, and

in this case the corresponding organ or tissue of the

offspring will be similarly characterised. When con-

stitutional diseases, acquired in later life, are found to

be inherited, Atreya would suppose that the Vtja of the

parent has been affected, and this would explain the

fact of the inheritance. In the case of leprosy, for

example, it is transmitted to the offspring only when

the germ-plasm (the Vtja or the fertilised ovum) is

infected with the virus of the disease by reason of the

leprosy of the parent (vide Charaka's report of Atreya's

theory, iSdrirasthdna).

h«jtow i i . . . m^ ^sjia^ihni^ ifjftijii-

jwm nwiq^ Hj^iOwtKi *ii^n 'wm *ft*\twm ttt *ttv tomt.
^inf wifr sg^nnnni ^flr i iflf *i Tg^n *f«jiuwq:

wmn^ *u^$^m* \H*fa*w&**$vfa$ \H*it to: ftrarnpn

•T mfar et seq TOtit iflf ^ WJ^t irg^row tottw

nfTftn* w. fapprem mrcftflr inifrrirTOT tot^ «gnww
^ft^ wl*wu ^nnnft wfir tot tot ^nfrnrroi flf*flrc ^thiptw i
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Af 2?.—The seventh tissue (the Sukradhara kald,

sperm-bearing or reproductive) contains the parental

Vija, which is a minute organism fcypnrnr) deriving

its elements from the parental organs, but distinct from

the latter, and independent of their peculiarities, and it

is the combination and characters of these constituent

elements of the parental Vtja in the reproductive tissue

that determine the physiological characters and predis-

positions of the offspring. We may call this Atreya's

germrplasm theory, for it is an advance on the con-

ception of gemmules and of ids, but in Atreya's version

the "germ-plasm" is not only representative of the

"somatic " tissues, but also generates and is generated by

the latter. This mutual interaction of the " germ-plasm
"

and " somatic tissues " is a distinctive feature of Atreya's

hypothesis, the value of which will be differently

estimated by different schools of biologists.

I may also add that the continued identity of the

germ-plasm (wfar) from generation to generation, though

it follows as a corollary from this doctrine of a distinct

reproductive tissue, even when conceived to be affected

by somatic processes, as Atreya and Charaka conceive

it to be, is nowhere expressly deduced. On the other

hand, Atreya and Charaka emphasise the influence of

abundant or defective nutrition, and of the con-

stituents of the food, etc, on the characters of the

Vlja in the reproductive tissue, especially as regards the

sexual character, the stature, and the colour-pigment
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of the offspring. But though the influence of

nutrition on the Vtja is thus freely admitted in a general

way, it is expressly stated that the peculiar characters

or idiosyncracies of the elements that combine to form

the Vija must be regarded as a matter of chance

in other words, the truly congenital variations are

accidental.

Section 10.

THE SEX QUESTION.

Influence of nutrition on the ovum, especially as

regards the sex, stature, and colour-pigment of the

resulting offspring.—In a general way, ghee and milk

for the male, and oil and beans for the female parent,

are favourable to the Vlja. The sexual character of the

offspring depends in part on a periodicity to which the

life-history of the ovum in the female parent is conceived

to be subject—a law of alternate rhythmic change (not

unlike what we now know to regulate the development

of several orders of bacteria or unicellular organisms),

a law under which the fertilisation of the ovum on the

fourth day after the menstrual discharge, or on the

alternate days succeeding, is favourable to the foetus

developing the male sexual character, and on the fifth,

seventh, and alternate following days to the foetus

assuming the female sex. The Prayogcichintdmani

states that the latter occurs on even days, and the

former on odd days. Another factor is the relative

predominance of the sperm and the germ cells in the

fertilised ovum. Excess of the sperm-cell produces the

male, that of the germ-cell the female. For male
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offspring of tall stature, fair complexion, and energetic

temperament, wheat-palp with honey, ghee (clarified

butter), and milk should be taken by the female parent

Generally speaking, the adoption of the food, clothing,

habits of people of any particular clime are supposed to

be favourable to the production of their characteristic

stature and complexion. As to sex, the foetus for a

time remains indeterminate, and then takes on a definite

male or female character, but before this stage is reached

the development of the sex can be modified to some

extent by food and drugs ($*PRifhpt). As for the

colour-pigment, it is the animal heat (inftvij) which is

its source; but where the Akdia and Ap particles

predominate (in the food) the animal heat (of the

metabolic processes) produces a fair complexion ; where

Earth and Vdt/u particles predominate in the food,

blackness is the result ; and where the different Bhutas

are combined in nearly equal proportion in the food,

the metabolic heat produces a dark pigment In the

later literature, ghee (clarified butter) habitually taken

by the female during gestation is supposed to produce

a fair complexion, and rice (or wheat) and salads a

dark complexion. Charaka also holds that mental

impressions of the parent are powerful factors in the

determination of the characters of the offspring.

irwtar *Wrt inn wljj^fl wftr niftffc fjftwrt ^rgfWNir i . . .

3WT1^ I . • . UMI^ Wjftr 3**ig «l«i«ml JUPfft tit WJ^J
jfljipnwV i . .

.
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^nrnrn nta ^rc^wimn *ni*T vr^wi tthtt *n^r in^ *i<5

nmt *nrt inrar^ vrmn i ... in *nrt mhm^mI *nj*n«!t

wgftvhw ^flf 4i*m i

*i*flOH|Mij: hto v4^iA4^4kO wftr 1 ^ftprfanynj: hto ^ro-

*n^ *nift*ftri 1

Section 11.

LIFE.

These activities maintain the life of the organism,

but what is this life itself?

The Chdrvdkas (materialists and sensationalists)

answer that life (as well as consciousness) is a result of

peculiar chemical combinations of dead matter (or the

four elements) in organic forms, even as the intoxicating

property of spirituous liquors results from the fer-

mentation of unintoxicating rice and molasses. Similarly,

the instinctive movements and expressions of new-born

babes (sucking, joy, grief, fear, etc.) can be explained

mechanically as due to external stimuli as much as the

opening and closing of the lotus and other flowers at

different hours of the day (or night), or the movement

of iron under the influence of the loadstone. In the

same way, the spontaneous generation of living organisms

is frequently observed, e.g. the case of animalcules which

develop in moisture or infusions, especially under the

influence of gentle warmth (^n, **nr, (&*m«nqn:), or of

the maggots or other worms which in the rainy season,
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by reason of the atmospheric moisture, are developed in

the constituent particles of curds and the like, which

begin to live and move in so short a time.

Gotama, in his SHtras
y reports the Ch&rv&ka expla-

nation of instinctive emotional expressions in babes

:

^WTflfj wwhwwfH^R^ wflnm:—Sutra 20, Ahnika 1,

Chapter III. ; cf. the explanation of the movement

preparatory to sucking : wrot njwW
—SAtra 23, ibid. Jayanta, in the Ny&ya-manjari,

reports the Ch&rv&ka explanation of consciousness (and

life).

^rftw^fli?rt i ^MiieflOn wrftf nrnrft nwftr i ?r*? w

For spontaneous generation, vide Jayanta's report :

—

ynnf^ftiflT^i v^wir \—Nydya-manjari
f Ahnika 7,

The S&nkhya view of consciousness—Reply to the

materialists :

—

The intoxicating power in liquor is a force, i.e. a

tendency to motion, and this is the resultant of the

tendencies (or subtile motions) present in the particles

of the fermented rice, molasses, etc. A motion, or a

tendency to motion, can in this way be the resultant of

several other motions or tendencies. But consciousness

(^trt) is not a motion, and cannot be the resultant of

(unconscious) natural forces or motions. Neither can

the consciousness of the Self, or of the organism as a

whole, be supposed to be the resultant of innumerable

consciousnesses vested in the innumerable constituent

particles of the body. One central abiding intelligence
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is a simpler and therefore more legitimate hypothesis

than an assemblage of consciousnesses latent in different

Bhutas or particles, cf. Vijn&na-bhiksu's comment on the

Sutra, n^ftwi^ wynreftfi *tf£ njfw (Sutra 22,

Chapter III.) ^3 w m^nnyftig gwvj^reftrcfa fWfcinpq

nhro grw^N Pwf^rero vwflffWT^i Cf. also

yi^Oi^MiJ^Ml «*HlM«IWiJU IM^I WTOff ^P* ART $i

^warrcmran^ i (ibid.).

f^fftl^ *JW I *HK*H#l^|l ftlfJfWT^bfl to? ^ ft

(Gang&dhara's Jalpakalpataru (1867, Calcutta), ex-

plaining the distinction between property (gur) and

power (urn*)) a technical term in medicine, which

denotes a form of motion (**$) SAtrasthdna, Jalpakal-

pataru).

The S&nkhya view of Pr&na (life) :

—

Life, according to the S&nkhya, is not a Vdyu

(bio-mechanical force) nor any mere mechanical motion

resulting from the impulsion of Vdyu. The five vital

operations, Pr&na, Ap&na, etc., are called Vdyus, but

this is only a metaphor. Life is in reality a reflex

activity, a resultant of the various concurrent activities

of the Antahkaranas, i.e. of the sensori-motor (*PTfin

wSfftpi)? the emotional (inn) and the apperceptive

reactions of the organism (for some add w^^rc).

Vijnflna-bhiksu notes that this explains the dis-

turbing (elevating or depressing) effect on the vitality

of pleasurable or painful emotions, like love (*ro), which

R
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are activities of Manas, one of the Antahlcaranas con-

cerned in the reactions of the living organism. On the

S&nkhya view, then, Prdna or life is not a Vdyu, nor is

it evolved from the Bhutas, inorganic matter. Prdna

is only a complex reflex activity (wk ^ftr) resulting

from the operations of the psycho-physical principles or

forces in the organism. Cf. &ankara reporting the

S&nkhya view

—

wmrf* ftpnflpre win *whrt rorrert

wflTORr i

—

Sdriraka-bhdsya, Chapter II., Pada 4, SQtra 9.

*rm*niT*jftr. urarwT wrro *w t—iSvarakrisna, K&rM.
Also Siitra 31, Chapter II., where Vijn&na-bhiksu

notes :

—

mfir ^i^t i ifTflf^nf^q wctt4 vtftaro^ i anrcifanpivn!

*fir lHdWIDc): wnnf «nfta \—Vijn&na-bhiksu,

Pravachana - bhdsya, Chapter II., Sutras 31, 32.

fftvftw iw^j min^nnn *nwp»nftniri$^r Wt w 1
t

—

ibid.

The Veddntic View of Prdna.

The Ved&ntists are believers in an independent vital

principle. They agree with the S&nkhyas in holding

that Prdna is neither a Vdyu nor the operation of a

Vdyu. But neither is life a mere reflex or resultant of

concurrent sensori-motor, emotive and apperceptive

reactions of the organism. You may put eleven birds

in a cage, and if they concurrently and continually

strike against the bars of the cage in the same direction,

the cage may move on under this conjoint action. But

the sensory and motor activities cannot in this way
originate the vital activity of the organism. For the

deprivation of any one or more of the senses does not
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mean a deprivation of life, and above all there is this

radical distinction : there is sameness of kind (junrnfrw)

between the motions of the individual birds and the

resultant motion of the cage, but the sensations do not

explain life. Life (Pr&na) must therefore be recognised

as a separate principle, just as the Manas and the

Antahkaranas generally are in the S&nkhya Philosophy.

Life is a sort of subtle rarefied "ether-principle"

(vuiiiiHiiJj) pervasive of the organism—which is not

gross V&yu
9
but is all the same subtilised matter, like

the Manas itself, for, in the Ved&nta, everything other

than the Self (wtot) is " material " (n*).

This Life is prior to the senses, for it regulates the

development of the fertilised ovum, which would putrefy

if it were not living, and the senses with their apparatus

developsubsequentlyout of the ovum (if ^ngftw yinp^nw),

Chapter II, Pada 4, Sutra 9 ; vide &ariraka-Bh&sya

&ankara ; also V&chaspati Mi6ra, Bh&mati :

—

ftnrrengj if qureftgH^ftr. hot. i * ffc ftri^nrnrt *n ^ftr&S^

im4 *t i if ktw!^ frffrwral i CTftrftr^ftftg^wi^ wyn^qp^ i

if ^fflfti^^w^ iH^wiM^^jiiim^ Hftjiffflr i if ^
^frfWn4 frftrcfti^t frfaWtan* n*flr i if ^ ?w»hnn^i win

*fir nmi^r«r^i«jMUfi: i wfti ^ ^w^roiTftn ftnqr^ftf in^

ftWWT5RTg»pn I *!WW l«JK«INlflMfl: HOT if H»JH HT*g-

ftftr 5* WMUw iqiqw^flwdliwii nwTffor: nranrci i . . .

imrqfi ^TjftwTwrt hot i . . . q ijjiq iJWMiiMdwmi: gwteftr hot i

—&ankara, ibid. Cf. also, hot 3}*PH*«* l c$ iqK*i Km
^ftf^THTi^ i if^TTO w^nff ^ftc^rw: mxi^ jnl ^hw if w+iqii

q^iqlH i^ ^y^^M i^Ml^MMirH^I ^jWwnr i$fi# i—An-
kara, on Siitra 9, P&da 4, Chapter II.

R 2
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CHAPTER VII.

ON THE SCIENTIFIC METHOD OF
THE HINDUS.

The Doctrine of Scientific Method.—A study of the

Hindu Methodology of Science is absolutely essential to

a right understanding of Hindu positive Science, its

strength and its weakness, its range and its limitations.

Apart from this rigorous scientific method, Hindu

Chemistry, for example, would be all practical recipe, or

all unverified speculation. This, however, would be a

very inadequate and indeed erroneous view of this early

achievement of the human mind. That the whole

movement was genuinely and positively scientific,

though arrested at an early stage, will appear from the

following brief synopsis of the Hindu Methodology of

Science.

Criterion or Test of Truth
, after the Buddhists.—

The ultimate criterion of Truth is found, not in mere

cognitive presentation, but in the correspondence

between the cognitive and the practical activity of the

Self, which together are supposed to form the circuit of

consciousness. That knowledge is valid which prompts

an activity ending in fruition. (Cf. the distinction

between ^wrflflTR and Pren^Tflflrre i Also compare

iprninfcfarflrcwt g^ftrcra^h^ wfcr^ vpm\—Vdtsy&yana.)

Truth, the Buddhists contend, is not self-evidence, not
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the agreement between ideas, nor the agreement of the

idea with the reality beyond, if any, for this cannot be

attained direct, but the harmony of experience (tpbits),

which is implied when the volitional reaction, that is

prompted by a cognition and that completes the circuit

of consciousness, meets with fruition, i.e. realises its

immediate end (with this compare Sriharsha, Khandana

Khanda Khddya, on the relation of inn to <#)4«u{k)*

This is the material aspect of Truth. The formal

aspect is given in a principle which governs all

presentations in consciousness, and which combines

the three moments of Identity, non-Contradiction, and

Excluded Middle in every individual cognitive operation

[ratf qftftFrfti (identity) m$ «nP*Hfa (non-contra-

diction) yfhnniTCPn* ^ ^ifir (excluded middle) ^flr

gwnnrawnnr.—Jayanta, Ny&yamanjarf, UJUJutftuuMUHj.

Perception.—The conditions of Perception, and its

range and limits, were carefully studied. The minima

sensibile (e.g. the minimum visibile, the Trasarenu, the

just-perceptible mote in the slanting sunbeam), the

infra-sensible (w^vttct, fjp, sometimes termed virffic*)?

the obscured (wftwr, e.g. a meteor in the mid-day

blaze), and the potential (vjfflffa)* are distinguished

;

but finer instruments of measurement were wanting,

and this was a principal cause of arrested progress. It

may be noted that the measurement of the relative

pitch of musical tones was remarkably accurate (vide

my Paper on Hindu Mechanics and Physics).

Observation fafa
— Vdchaspati and Udayana).—

The entire apparatus of scientific method proceeded on

the basis of observed instances carefully analysed and
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sifted. This was the source of the physico-chemical

theories and classifications, but in Anatomy the

Hindus went one step farther ; they practised dissection

on dead bodies for purposes of demonstration. Ingenious

directions are given, e.g., the body must be first

disembowelled and wrapped round with the kusa and

other grasses, then kept immersed in still water for

seven days, after which the medical student should

proceed to remove the layers of the skin with a carefully

prepared brush made of the fresh elastic fibres of green

bamboos, which will enable the tissues, vessels and

ducts to be observed. Post-mortem operations as

well as major operations in obstetric surgery (the

extraction of the foetus, etc.) were availed of for

embryological observations (e.g., it is stated that

the rudiments of the head and the limbs begin to

appear in the foetus in the third month, and are

developed in the fourth ; the bones, ligaments, nails,

hair, etc., becoming distinct in the sixth), and also

embryological theories, e.g., the indication of sexual

character in the second month by the shape of

the foetus, the shape of a round joint indicating

the male sex, and an elongated shape the female sex

(cf. Charaka, Siitrasthana, Chap. IV.—flnrfti mfti to
twwn ftw: *hprf$ *t i m fas*: j^rc w\ vyft *r^$

*f$ra^i Chakrapini notes : to «Rh: i flw* n»m i*K: i

1 **ghrw\ loc. cit). In Phonetics

(as in the Pr&tis&khyas, circa 600 B.C.), in Descrip-

tive and Analytical Grammar (as in P&nini), and in

some important respects in Comparative Grammar
(as in Hemachandra's Grammar of the Pr&krita
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Dialects), the observation was precise, minute, and

thoroughly scientific. This was also the case in

Materia Medica and in Therapeutics, especially the

symptomology of diseases. In Meteorology the

Hindus used the rain-gauge in their weather forecasts

for the year, made careful observations of the different

kinds of clouds and other atmospheric phenomena

(e.g., they estimate the heights of clouds, the distance

from which lightning is ordinarily visible or the

thunder is heard, the area of disturbance of different

earthquakes, the height to which the terrestrial

atmosphere extends, etc. ; vide Var&hamihira, Srfpati,

and the authorities quoted by Utpala). In Astronomy

the observation was, generally speaking, very defective,

as in the determination of the solar and the planetary

elements, and this was probably due to the lack of

practical interest, but the determination of the lunar

constants entering into the calculation of lunar periods

and eclipses, matters in which the Hindus had a

practical ceremonial interest, reached a remarkable

degree of approximation (much above Graeco-Arab

computations) to the figures in Laplace's Tables, which

can only be explained by the circumstance that in the

case of these constants the Hindus carried out for more

than a thousand years a systematic process of verifica-

tion and correction by comparison of the computed with

the observed results (like the navigator's correction of

the course of the ship at sea), a process which was

termed g'jiifofai. In Zoology the enumeration of

the species of Vermes, Insecta, Reptilia, Batrachia,

Aves, etc., makes a fair beginning, but the classification
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proceeds on external characters and habits of life, and

not on an anatomical basis. In Botany the observation

was mainly in the interests of Materia Medica, and the

classification was as superficial as possible. ( Vide my
Paper on the Hindu Classification of Plants and

Animals.)

Experiments.—Experiments were of course con-

ducted for purposes of chemical operations in relation

to the arts and manufactures, e.g. Metallurgy, Phar-

macy, Dyeing, Perfumery and Cosmetics, Horticulture,

the making and polishing of glass (lenses and mirrors

of various kinds are mentioned, the spherical and oval

jn and being well known—Pliny indeed men-

tions that the best glass ever made was Indian glass).

And the results of such experiments were freely drawn

upon for building up scientific hypotheses and generali-

sations. But of experiment as an independent method

of proof or discovery the instances recorded in books

are rare. I may note one interesting example in

Udayana's Kiran&vali, relating to the weight of air.

Udayana argues that air must be a distinct and inde-

pendent Bhiita, for if air were a form of the Earth-

Bhiita, it would have weight, and it has none. To

prove the absence of weight, he refers to an experiment.

A small bladder made of a thin membrane, filled with

air, will not cause a greater descent in the scale than the

same bladder weighed empty. Hence the air possesses

no weight Then Udayana makes an interesting state-

ment It may be objected, he says, by one who accepts

the weight of air, that this argument is inconclusive

;

for a counter-experiment may be suggested. The
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balloon filled with smoke (or gas, rises in the air,

whereas the air-filled balloon comes down. This would

go to show that air has weight. Udayana replies that

this would only show that both smoke (or gas, ipi) and

air have no weight The Hindus appear to have been

ignorant of the principle of Archimedes. VallabhA-

chdryya, in the IiUvati, it is true, speaks of a peculiar

resistance to sinking (or gravity) exercised by water,

which explains the tendency in certain objects to float

or to come up to the surface of the water, but the

description does not show that he had any clear ideas

on the subject. Mathurdn&tha, again, states that the

determination of the degree of purity (the carat) of

gold by rubbing against the assaying-stone and observing

the character of the yellowish streak against the black

smooth background, is only an indirect means of

ascertaining weight (^TW^r^m, lit specific gravity)

—

which seems to suggest that there was a more direct

means of arriving at the latter. Probably this refers

to the common Indian method of comparing the lengths

and weights of wires of uniform thickness that can be

formed by drawing different pieces of gold through the

same diamond bore. I think it may be regarded as

fairly certain that the Hindus were ignorant of Archi-

medes' discovery, an ignorance which, at any rate,

they could not have well borrowed from the Greeks,

no more than they could have thus borrowed their

knowledge of things unknown to the Greeks them-

selves.

[Cf. Udayana, Kiran&vali :—^ngftrcirc^ f* ^ farifc)

^ftrrhw g^rnfti ott^ i i * iwfan *i*Ay« i$: ^mi^m:

Digitized byGoogle



250 THE POSITIVE SCIENCES OF

—
cf. Vallabh&ch&ryya, Lfl&vati

—

g^*ftr$*sfti Mum^ if

m§Rn •] Cf Mathur&n&tha, ^ftnrtm^FT on

Ganger's Tattvachintimani

—

Km (ftprwfrrgre?) if

Fallacies of Observation.—Mal-observation and

Non-observation :—These were carefully studied in

relation to errors of observation, and hallucination

(ot, mm) WTTta), which were ascribed to three

causes : (a) Dosha, ^ta, defect of sense organ, as of

the eye in jaundice, or of the skin in certain forms of

leprosy (leading to tactile insensibility, cf. Susruta),

or defect of necessary stimulus, e.g. too faint light,

or undue distance or nearness, in vision
;

(b) Sam-

prayoga, *rarata, presentation of a part or an aspect

instead of the whole; and (c) SanskAra, tafft, the

disturbing influence of mental predisposition, e.g.

expectation, memory, habit, prejudice, etc.

The Doctrine of Inference.—Anumdna (Inference)

is the process of ascertaining, not by perception or

direct observation, but through the instrumentality or

medium of a mark, that a thing possesses a certain

character. Inference is therefore based on the esta-

blishment of an invariable concomitance (VyApti, *nfh)

between the mark and the character inferred. The

Hindu Inference (Anumana) is therefore neither merely

formal nor merely material, but a combined Formal-
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Material Deductive-Inductive process. It is neither

the Aristotelian Syllogism (Formal-Deductive process),

nor Mill's Induction (Material-Inductive process), but

the real Inference which must combine formal validity

with material truth, inductive generalisation with

deductive particularisation.

An inference admits of a rigorous formal statement

—in the shape of five propositions for dialectical

purposes (i.e. in demonstrating to others)—or of

three propositions when the inference is for oneself

(mfrjHH)
:

—

(1) The probandum, the statement of the proposi-

tion to be established (ufir*T, mmflrjgfri), e.g. yonder

mountain is " fiery "
; (2) the reason, the ascription of

the mark (ij, feyqu^i) ,
e.g. for it smokes; (3) the

general proposition, stating the invariable concomitance

which is the ground of the inference—clenched by an

example, e.g. whatever smokes is " fiery," as an oven

foflfro) ; (4) next, the application, the ascertainment

of the existence of the mark in the present case (**n),

e.g. yonder mountain'smokes ; (5) finally, the conclusion,

the probaudum proved (ftrmnf), e.g. yonder mountain

is "fiery."

1. Yonder mountain is "fiery."

2. For it smokes.

3. Whatever smokes is " fiery," as an oven.

4. Yonder mountain does smoke.

5. Therefore yonder mountain is " fiery."

For inference for oneself only the first three or the last

three propositions are held to be sufficient.
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The Hindu Anum&na, it will be seen, anticipates

J. S. Mill's analysis of the syllogism as a material

inference, but is more comprehensive; for the Hindu

Ud&harana, the third or general proposition with an

example, combines and harmonises Mill's view of the

major premise as a brief memorandum of like instances

already observed, fortified by a recommendation to

extend its application to unobserved cases, with the

Aristotelian view of it as a universal proposition which

is the formal ground of the inference. This Formal-

Material Deductive-Inductive process thus turns on one

thing—the establishment of the invariable concomitance

(*nfh) between the mark and the character inferred

—

in other words, an inductive generalisation. The

question is—what is our warrant for taking the leap

from the observed to unobserved cases ? Under what

conditions are we justified to assert a Universal Real

proposition on the basis of our necessarily limited

observation ?

The Chdrvdka View.—Among the Ch&rv&kas there

were two classes, the cruder school of materialists who

accepted perception as a valid source of know-

ledge, as well as the reality of natural law (wm),
and the finer school of sceptics, who impugned all

kinds of knowledge, immediate as well as mediate,

and all evidence, Perception as well as Inference

;

vide Jayanta's reference in the Nydyamanjari to

Sfipffr^Tftrer. ; also ^rtravfrg *w*n* ^wroro ^ftr

Ahnika 1, Manjarf.

The Chdrv&kas hold that the principle of causality
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which the Buddhists assume to be a ground of an

induction (*nffe), is itself an induction (a case of

Vy&pti), which amounts to reasoning in a circle (^Wf)

;

that every inference is based on an unconditional

invariable concomitance, which itself must be inferred,

as universal propositions cannot be established by our

limited perceptions, and thus there is a regressus ad

infinitum (*H i fl{mwHi), and that the nexus between

cause and effect, or between the sign and the thing

signified (e.g. smoke and fire), is only a mental step or

subjective association based on former perception, a

mental step which by accident is found justified by the

result in a number of cases.

The Buddhists : their Analysis and Vindication of

Inference.—The Buddhists, however, take their stand

on the principle of the Uniformity of Nature (vftara,

OTTTOflrro, Ny&ya-Vindu). This uniformity, for scien-

tific purposes, has to be divided into two different

relations: (1) the uniformity of succession in the rela-

tion of cause and effect, e.g. of smoke to fire (wrt-

wrann*, itj^uftr, Nydya-Vindu)
; (2) the uniformity

of co-existence (in the form of co-inherence in the

same substrate) in the relation of genus and species,

e.g. the relation of invariable concomitance expressed

in the proposition "all *Sinsap£s are trees," which is

not a relation of causality, but of co-existence or co-

inherence in the same substrate (i.e. the co-inherence

of the generic qualities of a tree with the specific

characters of a Sisu-tree in this particular individual

before me, a Sisu-tree), a relation which may be termed

essential identity (wt^tw, wt*—Nydya-Vindu). To
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these two the Buddhists add a third ground of

inference, non-perception of the perceptible (vjigfri,

l^ijM^Rw), which is employed in inferring the

absence (vfim) of a thing from the non-perception

of the thing or of something else. In all cases of

inference based on the Uniformity of Nature, the

relation is that of inseparableness or non-disjunction

between the mark and the character inferred. The

question is: how is this inseparableness
(wPrww)

ascertained, and what is the warrant of our belief in it

in these cases ?

Ascertainment of Inseparableness or Non-disjunction

:

Buddhist Account.—First take the case of causation.

The cause is the invariable antecedent of the effect

What is meant is that (a) a specific cause (or sum of

causal conditions) is invariably followed by a specific

effect, and (6) a specific effect (with all the distinctive

and relevant accompaniments, vndftjpt) is invariably

preceded by a specific cause (*narftr$w). It is not that

clouds always lead to rain, or that floods in the river-

valley always imply rain in the hills higher up. But

this particular conjunction of antecedent circumstances

(e.g. the appearance of a particular kind of clouds

accompanied by flashes of lightning, the roll of

thunder and flights of Valdkis—driven by the wind

from a particular quarter of the horizon, and ascending

in black masses, etc) is as a rule the precursor of a

particular assemblage of rain effects (rain with particular

accompaniments). Again, this particular kind of flood

(overflowing of the river-banks accompanied by muddy
discoloration of the water, rapid currents, the bearing
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down of tree-trunks, etc.) is always preceded by rain in

the hills higher up (though, no doubt, other cases of

floods in a river may be due to a breach in an embank-

ment or the melting of the snows). In other words,

the Buddhists (and the earlier Ny&ya schools) avoid

the difficulty arising from the plurality of causes by

taking into consideration the accompanying phenomena,

which, if properly marked, would always point to a

specific cause of a specific effect, and vice versa.

I quote Nydya authorities, but this device to obviate

the plurality of causes is common to the early Ny&ya

and the Buddhistic systems.

vitwm *ftnqflr ^fWcftr +\im* $hw\ i jroq
mfbr. i ^ftro sir whwfcnrci *fir ^mi^ *fir

(in wv*fa m immjul^ii)—^r^g^

—

*fir f&Ftn^ %ftffi*iyfrfffi i (Udyotakara, Chap. I.,

Ahnika 1, Siitra 5.) Vachaspati puts this clearly :

—

nrfti *nsnrni *ffir*r*fir 4wTa*ii<( innfti irjtf «r *ifir**fir m

1 wfajpft mvft 1 *n °*^er words, a single con-

dition called a cause is not invariably succeeded by the

effect, nor does the effect-phenomenon in general point

to any particular cause as antecedent, for there may be

a plurality of causes of a general effect The skilful

observer will therefore select the full complement of

causal conditions which is invariably succeeded by the

effect, and also the specific effect (e.g. wftiire) which

points to a specific causal antecedent. Compare also

Digitized byGoogle



256 THE POSITIVE SCIENCES OF

Jayanta :
" We infer an effect from a specific assemblage

of causes "—if ^ nwiw ijFt yft *rfwTT. i

wfti ^ firt^f^i fj: i «f ^ wtotPt^w^ jc^wj i *i*hU-

«if*i^<ul4 unit ^nftyi: i im*3mjw ^WjJhmw nWnn^i

if gnf*fajnraT«fa ^yyfar. i Similarly, we infer a

specific cause from a specific assemblage of effects :

—

jmftffir Tan wftr ynannprfrnr w H^uq yqftire ^

OTifCTcnM ftrp^ ift if ^iftr i

(Nydyamanjarf, Ahnika 2, on Gotama Sutra 5,

Ahnika 1, Chap. I.)

A specific assemblage of causes, therefore, has only

one specific assemblage of effects, and vice versa. Of

course, the observer is to find out the essential or

relevant features (as distinguished from the irrelevant

ones) which, being included, will enable him to specify

the particular cause of the particular effect.

Now, this being premised to be the exact meaning

of the inseparableness or non-disjunction in the case of

cause and effect, we come to the question with which

we started—how is this relation to be ascertained or

established between two phenomena or assemblages of

phenomena? Obviously, mere observation of their

agreement in presence and their agreement in

absence (*?ftrc*) is no help in the matter. Take a con-

crete example. The ass is customarily employed to

bring the fuel with which fire is lighted. In a hundred
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cases you have observed the ass among the antecedents

of smoke. In a hundred cases you may have observed

that when there is no ass there is no smoke. This is

no warrant for concluding a relation of cause and effect

between an ass and smoke. It may be that you happen

to have never observed smoke without an antecedent

ass, or an ass without smoke following. Even this is

of no avail. It is not agreement (unbroken and uniform

though it be) in presence or in absence, or in both, that

can settle the matter. There is one and only one way

of ascertaining the causal relation. Suppose A with

certain accompaniments is found to precede B imme-

diately. Now, if A disappearing B disappears, even

though all other antecedents remain and there is no

other change in the case, then and then only can the

causal relation be ascertained. It is not a mere table of

positive instances or negative instances (^qjHn 7[ *TjHn^)

;

it is this Method, which we may term the Method of

Subtraction (the Method of Difference in its negative

aspect), that is the only exact and rigorous scientific

Method. Such was the statement of the earlier

Buddhists (cf. Udyotakara's and Vdchaspati's report

of the Buddhist doctrine of Inference—* fl| nflwrt n

—a Buddhist Kdrikd quoted in Vdchaspati, Udayana.

ASriharsha, Mddhava, etc.—inpfarraWTTO^—vfter^ *fir

s
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«fi««fl: \—V&chaspati, T&tparyyatik£, Chap. L, Ahnika 1,

Sutra 5, wguragq^—^nftnn(Ww:)

But the canon in this form is not sufficiently safe-

guarded against possible abuse. Two points have to

be emphasised : (l) It must be carefully observed that

no other condition is changed, (2) that the appearance

and disappearance of A must immediately precede the

appearance and disappearance of B. The definition of

a cause is based on two fundamental characters : (1) the

unconditional invariableness of the antecedence, and (2)

the immediateness of the antecedence. The canon of

the Method of Difference must therefore be stated in

such a form as to emphasise each of these aspects.

And one main difficulty in the practical application of

the canon is that, along with the introduction or

sublation of an antecedent, some other phenomenon

may be introduced or sublated unobserved. As a

safeguard against this radical vitiation of the Method,

the later Buddhists formulated the canon of a modified

Method, termed the Panchakdrarci, a Joint Method of

Difference, which combines the positive and the

negative Methods of Difference (the Method of Addition

and the Method of Subtraction) in a series of five steps,

and which equally emphasises the unconditionality and

the immediateness of the antecedence as essential

moments of the causal relation. This is neither

agreement in presence nor agreement in presence as

well as absence (the foundation of J. S. Mill's Joint

Method of Agreement), but the Joint Method of

Difference. The Panchakiram runs thus :

—

The following changes being observed, everything
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else remaining constant, the relation of cause and effect

is rigorously established :

—

First step—The "cause" and the " effect" pheno-

mena are both unperceived.

Second step—Then the "cause" phenomenon is

perceived.

Third step—Then, in immediate succession, the

" effect " phenomenon is perceived.

Fourth step—Then the "cause" phenomenon is

sublated or disappears.

Fifth step—Then, in immediate succession, the

" effect" phenomenon disappears.

Throughout, of course, it is assumed that the other

circumstances remain the same (at least the relevant or

material circumstances).

This Paiichak&rani, the Joint Method of Difference,

has some advantages over J. S. Mill's Method of

Difference, or, what is identical therewith, the earlier

Buddhist Method ; and the form of the canon, bringing

out in prominent relief the unconditionally and the

immediateness of the antecedence, is as superior from

a theoretical point of view to J. S. Mill's canon, and is

as much more consonant than the latter to the practice

of every experimenter, as the Hindu analysis of

Anumdna as a Formal-Material Deductive-Inductive

Inference is more comprehensive and more scientific

than Aristotle's or Mill's analysis of the Syllogism (or

Mediate Inference).

But even the Panchakarani is no sufficient answer to

the question with which we started. The Panchak&rani

s 2
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is only a method; it shows only how in a particular

case the relation of cause and effect is to be established

(nfin^nrftani). But we want more than this—we

require a warrant for the process. The Buddhists

therefore supply the following proof of the Method:

Doubt is legitimate, but there is a limit to doubt

When doubt lands you in an unsettlement of a

fundamental ground of practice, and would thus annul

all practical exercise of the will, the doubt must cease

;

else the doubt would be suicidal or sophistical. In this

particular case, when the Panchak&ranf is satisfied, the

antecedent in question must be the cause, for there is

no other antecedent to serve as cause ; the proof is

indirect but rigid. If this be not the cause, there is no

cause of the phenomenon. It was not, and it begins to

be, without a cause ; which would be a contradiction of

the rational ground of all practice, for all volitional

activity proceeds by implication on the principle of

causality. If things could happen without a cause,

all our motives to action would be baffled. The link

between a presentation and the instinctive volitional

reaction would snap, and the circuit of consciousness

would be left incomplete. In fact, the Buddhists go

farther ; they hold causal efficiency (w^ftar) to be

of the essence of empirical (relative) Reality. The

proof of the Joint Method of Difference, then, lies in

a strict application of the principle of causality in its

negative form (viz., there can be no phenomenon

without a cause), and the truth of this last is guaranteed

by the same ultimate criterion of empirical (relative)

Reality as the truth of Perception itself, viz. the
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correspondence between the rational and the practical

activity of the self.

But invariable concomitance (or non-disjunction),

the Buddhists argue, has another form, e.g. the relation

of the genus to the species. We may have perceived

a hundred instances of the association of certain

characters with certain others ; we may also have never

perceived the former when the latter were absent ; but

this would not enable us to generalise and establish

invariable and unconditional co-existence. We must

be first satisfied that there is identity of essence

(wt^tw, *nn*). It is only when we perceive that

the characters of a jSinsapd are co-inherent with the

generic characters of a tree in the same individual

object (a ASinaapd-tree before me), and when we further

perceive that the characters are held together by the

relation of identity of essence, that we can say that all

Sinsapds are trees. For as there is identity of essence,

a Sinsapi would not be a #insapd if it were not a tree ;

it would lose its self-identity, which is a contradiction.

Hence the relation of identity of essence (ttt^tw, *nn*),

as in the relation of the species to the genus, is the sole

ground for establishing uniformity of co-existence

For the Buddhist Method of Induction in its later

form, the Panchakdranf, vide Sarvadarsana Sangraha

—

Buddhist reply to the Chirv&ka attack on Inference :

—

P*Hin«m i wftnTTm^ftppft^^ n i As for the

Ny&ya view, ^mqflf^ft wflremreftrerrcft ^flr i—the
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Buddhist objects : irj ^ *iiwn*MiiU*ir*wO

nP«HK«m i—the Nydya retorts : fl<iiOmm<$ iimsfti

iw ^ffiwrcgyi jiift^TT snr i—the Buddhist answers : *N

Wta» flftfiftl WtTft **\*\*y[*mni\ ^Sfa faVPin ^jfinu ^mmr

init yr^NrHapny. ftrrfhnr i inn Tn^iwftnwi wfti wflnfwmt

ftrrfNw i uflj f^ror. wflniw^ mwnnq mm^ ^fli flro^

ftnrrcftnm frUim^qflq an^wrftnw: yjfrt flfcnn

^ftr ftn^ 1 SarvadarSana Sangrahd, Bauddha-

Dar&anam ; vide also &ridhara, Kandali

The Nydya Doctrine of Inference.—The Nydya

easily demolishes the Buddhist contention about

identity of essence. The Nydya writers, being realists,

do not impugn the reality of the genus (mflr) like the

nominalists or the nominalistic conceptualists ; but they

point out that the inseparableness (or non-disjunction) in

such cases can only be established by the experience

of unbroken uniformity (wffiwTftsw, ie. by m*m*rtlibSt,

qjH iq|l«0. Uniform agreement in presence with uniform

agreement in absence—not the mysterious identity of

essence irresistibly perceived in any individual case or

cases—is the only basis for constituting genera and

species in natural classification. Indeed, some of the

later Nydya writers point out that individuals do not
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always possess in nature all the characters that go to

form the definition of the class to which they are

referred.

Similarly, as regards the relation of cause and effect,

a nexus is sometimes fancied to be perceived, a power

in the cause to produce the effect (jrftn), or an ultimate

form (sTTfirotlR), which is supposed to be present

whenever the effect (quality or substance) is produced

(cf. Bacon's view of the " Forms " of Simple Qualities).

All this is neither a matter of observation nor of

legitimate hypothesis. There is nothing except the

invariable time-relation (antecedence and sequence)

between the cause and the effect. But the mere

invariableness of an antecedent does not suffice to

constitute it the cause of what succeeds ; it must be

an unconditional antecedent as well (*M*nfafo3HUfl

ftpnnpN^T>
being the definition of « iJUiwnw). For

example, the essential or adventitious accompaniments

of an invariable antecedent may also be invariable

antecedents ; but they are not unconditional, but only

collateral and indirect. In other words, their ante-

cedence is conditional on something else (si ^mraror).

The potter's stick is an unconditional invariable ante-

cedent of the jar ; but the colour of a stick, or its

texture or size or any other accompaniment or accident

which does not contribute to the work done (so far as

we are considering it), is not an unconditional ante-

cedent, and must not therefore be regarded as a cause.

Similarly, the co-effects of the invariable antecedents,

or what enters into the production of these co-effects,

may themselves be invariable antecedents; but they
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are not unconditional, being themselves conditioned by

those of the antecedents of which they are effects.

For example, the sound produced by the stick or by

the potter's wheel invariably precedes the jar, but it

is a co-effect, and Ak&sa, (ether) as the substrate and

Vayu (air) as the vehicle of the sound enter into the

production of this co-effect ; but these are not " un-

conditional " antecedents, and must therefore be rejected

in an enumeration of conditions or causes of the jar.

Again, the conditions of the conditions, the invariable

antecedents of the invariable antecedents, are not

unconditional. The potter's father is an invariable

antecedent of the potter who is an invariable ante-

cedent of the jar, but the potter's father does not stand

in a causal relation to the potter's handiwork. In fact,

the antecedence must not only be unconditionally in-

variable, but must also be immediate (^qf^i* i fl iq«$H

*t*&$$ Finally, all seemingly invariable ante-

cedents which may be dispensed with or left out are

ipso facto not unconditional, and cannot therefore be

regarded as causal conditions. In short, nothing that

is unnecessary is unconditional. For this class, vide Visva-

ndtha :—fWrenRy^tmftrK wiyryf^qfrflh wr*-

i wftnr^ (wfirfttf) wannftni—Visvandtha, Siddhdnta-

Muktdvali, on &loka 20. For example, it is the custom

to point to spatial position or direction with the fingers

;

but finger-pointing, though invariably present, is not

causally related to the perception of direction or spatial

position, because we can imagine such perception with-

out finger-pointing (waroTftuwHT wjjspn ftrifcrcn ffouww*^

if igfPnflPft **qr*r.j Vdchaspati, Tdtparyyatikd, Chap. I.,
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Ahnika 1, Sutra 5. This shows that the doctrine of

lumifaffc^MJ was long anterior to Gangesa).

[Visvanatha in the Bhasha-Parichchheda mentions

five kinds of wannftn» conditional antecedents—(1)

*I#n*:; (2)

irnr inr^jfrrefagpf^ ; (4) iprfl nflr flNfihrT^ viflcsni to
(^Nftwr) n ^rir ; and (5) w^Tflr ^ ftnnrnr^w^NTf^

wflrft*^^ (ctj TOg wrarrowift—Slokas 19 and 20),

T^in Wf*mfaw{—Siddhdnta-Mukt&vali, loc. cit.—The

Dinakarf points out that the first two cases are com-

prehended under the formula $fliMJwttfl*H3*MA«iOK*-

jnf&rW^i There are several classifications of these

irrelevant antecedents (wanrrfaw) ; I quote one of the

best known.]

The unconditional («*<iinftif^Mi), as interpreted in

this comprehensive sense, is a far more fruitful con-

ception than Mills, and is well adapted to its work

—

the elimination of the irrelevant factors in the situation.

In the end, the discrimination of what is necessary to

complete the sum of causes from what is dependent,

collateral, secondary, superfluous, or inert (i.e. of the

relevant from the irrelevant factors), must depend on

the test of expenditure of energy. This test the

Nydya would accept only in the sense of an operation

analysable into molar or molecular motion (qfapra;

*frftnift *iimk: —wiftfl^prej ^ininct hi(Vi—Jayanta,

Manjari, Ahnika 1), but would emphatically reject if

it is advanced in support of the notion of a mysterious

causal power or efficiency (jrffc). With the Nydya all

energy is necessarily kinetic. This is a peculiarity of
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the Ny&ya—its insisting that the effect is only the sum

or resultant of the operations of the different causal

conditions—that these operations are kinetic, being of

the nature of motion, in other words, holding firmly to

the view that causation is a case of expenditure of

energy, i.e. a re-distribution of motion, but at the same

time absolutely repudiating the S&nkhya conception of

power or productive efficiency as metaphysical or tran-

scendental (wrtfisii), and finding nothing in the cause

other than an unconditional invariable complement of

operative conditions (vTOramrt), and nothing in the

effect other than the consequent phenomenon which

results from the joint operations of the antecedent

conditions. («gO;fl«JM«K«P«t«<q(Xwq —Jayanta. mnul

—*HHifl«u3i3 5 WT^ircj ftummyiflN i JOT—Jayanta,

ibid., Ahnika 1, grfaftrraro^ i It may be noted that

the Nydya, while repudiating transcendental power

(&akti) in the mechanism of Nature and natural causa-

tion, does not deny the existence of metaphysical

conditions like merit (vS), which constitute a system

of moral ends that fulfil themselves in and through

the mechanical system and order of Nature

—

vide

Jayanta, wftfM Omfti ipv& ifl?nm vfcrfif—Ahnika 1,

The causal relation, then, like the relation of genus

to species, is a natural relation of concomitance (^rfin

wmfa*: —V&chaspati) which can be ascertained

only by the uniform and uninterrupted experience of

agreement in presence and agreement in absence, and

not by deduction from a certain a priori principle like

that of Causality or Identity of Essence.
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Nydya objection to the Buddhist Method of Difference

as a means of ascertaining Causality.—Take for example

the Buddhist deduction of Causality in any particular

conjunction by means of the negative Method of

Difference, or of the Paiichak&rara. The ascertainment

of the causal relation by these Methods is open to the

following objections : (1) The unconditionally of the

antecedent cannot possibly be ascertained. As the

Ch&rv&ka rightly points out, the Methods enable you

to eliminate irrelevant antecedents that are or can be

perceived ; but the introduction or sublation of latent

or undetected antecedents can be imagined, against

which the Method of Difference is powerless. In the

case of the production of smoke, for example, by fire

—

what if I say that an invisible demon intervenes in

every case between the fire and the smoke, that this

demon (fc^ra) is the immediate antecedent and real

cause of the latter, and that the fire is an accident

which in every such case is brought about by its own

causal antecedents ? In saying this I do not go counter

to the principle of causality, and am landed in no

contradiction (*mmr) such as strikes at the very roots

of all practice, or baffles the completed circuit of

consciousness, however much I may violate probability.

(2) In the second place, even supposing that the

fire in this particular case (which satisfies the Method

of Difference rigidly) is ascertained to be the cause of

the smoke, how can I know that fire is the cause in

other cases, or that there is no other cause ? You will

perhaps argue that if there were an indefinite number of

causes of the same specific phenomenal effect, it would
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violate the principle that phenomena are all conditioned,

i.e. exist only under certain conditions (ji^ita^**),

which is more comprehensive than the principle of

causality, and the contradiction of which equally over-

throws all rational practical activity. Yes, I accept the

conditionally of phenomena, but this is not violated

by supposing that one specific assemblage of phenomena

has more than one cause. It is true that if you suppose

such plurality of causes you cannot establish the

invariableness of the particular conjunction (green-wood

fire and smoke) which your Method of Difference fixes

upon as a case of cause and effect ; in other words, with

your special principle of Causality so restricted, and

without any general principle of Uniformity of Nature

to fall back upon, you cannot ascertain from the present

case, or from any number of similar cases that you may
have observed, that all green-wood fires are followed by

smoke, or that in a given case smoke has been preceded

by fire

—

i.e.
9 you are helpless in demonstrating (or

ascertaining indubitably) the relation of cause and

effect. But this is an objection against your own

position, not mine. Why not admit at once that

certain phenomena are naturally connected (as invariable

concomitants or antecedents) with other phenomena,

and take your stand on observed concomitance (uniform

and uninterrupted experience of agreement in presence

as well as absence) without assuming causality as an

a priori principle and making deductions therefrom,

and without the trouble of ascertaining the relation of

cause and effect in every individual case ? I am free to

admit that theoretical objections of irresistible force
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(like those of the Ch&rv&ka sceptics) can be urged

against this ascertainment of universal invariable and

unconditional concomitance
(gi i ftmglmn) on the basis

of mere observation. Doubts of this kind can no more

be laid by my view of the matter than by your canons

of causality and essential identity (i^rfVr and wt^tw).

Ultimately we all have to fall back on the rational

practice of thinking persons (infran), and such persons

are always content to act on practical certitude instead

of hankering after an unattainable apodictic certainty

in the affairs of life (wwfa«<fl«qi*Wjqifl*M i

jrfTrta^). This same practical certitude is also the

ultimate warrant of the Deductive-Inductive Inference

by which we ascertain the characters of things without

direct perception and through the medium or instru-

mentality of a mark.

[To the earlier Buddhist canon of the Method of

Subtraction, i.e. the negative Method of Difference,

Udyotakara and V&chaspati, of the Ny&ya school,

pertinently and acutely object as follows :

—

m^spfc i irainrtTOhr uwA Art *fir wft
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Buddhist reply:—*n$ir^ i ift ift wtjr * jitsrrai^

wT^nnrf^i qjpMHHitaj «r f^n^nnrt i * * *T^Tf^*inn

faftrcmfr|*raft q^mfri imrir ir^ winrhnrfirert ftfftnf vdflc,

irftjftnf ftpftsfti ^rffc afSi^ >wit »f 5 <j<?«ni i ^nft

(finned «i*n «*Q$«rV«; ?ifir ^i$^«iq^^n4 qf)iiX*i »f intf i

^ ipphto *«wiqjiti i Now the phenomenon

that is contingent (wT^Tftn^) cannot be uncaused

—

wmpzm fl| ftrrt ^f* w**t *t *n^, ^hm^ i^ ^
tiqifa^jM^ i And with the limitation of a specific

effect, there must be only one specific cause, for an

unrestricted plurality of causes would amount to

the denial of uniformity in causality (i.e. of the

unconditional invariable antecedence)

—

?nftf ircrf, v«K<urtu«*i$q i *f*rrarc*q ^fir fl?

^rfti wwt toti^s *ror nw&it to ^nr^ i tot ^ «n^r?^nw-

Ny&ya rejoinder :

—

wn\ i irofti Art *ffc tftq^jft w,

*T*CTT^ (vide Ny&ya-Vindu) 1 if * HjM<$«uHK i fV) ^ftf

ncwremTTd 31^ 1 if * ^wrflprnpirt v^gnrt w^, d^P^m
wwm fiwnm^W mrfif 1 fi| Tfwuflpnn ^J: n^ft *nr:
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fTT^r nftffcm^TC ftflr i HOT^fw jnpfcgrTi ^rftnTT*

The Nyaya proceeds to point out that what is

contingent need not necessarily be produced by a cause.

It is enough if there is natural connection with some-

thing else, a relation of antecedence and succession (or

concomitance), without any element of productive

efficiency or causation.

wf% ^rpnf^nnn tor^. mifti^iO *w*mijh^ 1 * ^

^ ^ftron i—V&chaspati, T&tparyyatikd, Chap. L,

Ahnika 1, Sutra 5, «mflm^MnflnK: i]

The Nydya Analysis of the Causal Relation con-

tinued: Co-effects.—In the enumeration of different

varieties of irrelevant antecedents (^nmnftn), we have

already noticed that co-effects of the same cause are

apt to be confounded as cause and effect. In some

cases the co-effects may be simultaneous, e.g. the case

of the ascending and the descending scale in a balance,

which are co-effects of gravity (vide Pdrtha-s&rathi

Misra on Kumdrild, Sloka-V&rtika

—

preppffrnnpftaj ^
ftnr. «nNfarnayw^

,
OTftrowraown^,—&loka 157, Siinya-

V&da). In other cases the co-effects may be successive

effects of the same cause, and here the risk is great

of mistaking the antecedent co-effect to be the cause of

the succeeding co-effect, e.g. the case of ants moving

in a line to carry their eggs upward, which is observed

before the summer rains, where the movement of ants

and the rains are not cause and effect, but successive
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effects of the same cause, viz. the heat (^n), which

disturbs the elements, viz. the earth and the atmo-

sphere (jvfityflql*) ; the ants being affected by this heat

earlier than the atmospheric movements which bring

the clouds and the rain.

(Udyotakara and VAchaspati : if * ftnftffrinn tnrttf

ir^ fWtffcirc H^fNwn *nftr *nnfir *ftnrrftr ^ftfn^ ^ftr

—T&tparyyatikd, II., 2, Sutra 37.)

*

Synchronoumess of Cause and Effect—This is

resolved into a case of simultaneous co-effects of the

same ultimate cause, e.g. the ascent of one scale and

the descent of the other in the balance, which are not

related as cause and effect, but are simultaneous effects

of gravity. In other cases the synchronousness is

only apparent, the interval between the antecedent and

the consequent being too small (^QHIto) to be appre-

hended (frmmfrum )* ^ in the case of the needle

piercing a hundred soft lotus-petals laid one upon

another, where the steps are really successive; or the

illumination of the whole room by the light of a lamp,

where the succession is unperceived owing to the

inconceivable velocity of light (cf. Kumdrild, Sloka-

V&rtika—ig^ipnrt ftr* 4hnmftr#^,—^ gfonrmyfc,

qywrrgfrfo mi w. i w w mro^jrir inn i &unya-

v&da, &loka 156-157.—I quote Mim&nsd authorities,

but the view is common to the Mimdnsd and the

Ny&ya-Vaiseshika).

The Time-relation in a Chain of Causes and Effects.—
A careful study of the time-relation in a chain of causes
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and effects is a peculiarity of the Vaiseshika system

(and the later Ny&ya). A moment (ultimate unit of

time, Kshana, Tprr) is defined to be the time-interval

between the completion of the sum of conditions and

the appearance of the effect. The Vaiseshika conceives

the unit to be determined by reference to the division

of one atom from another (faiiJii«j^mfiPi*fiJ| hpwto-

**fnnftnftg*: ^ran—&apta-Pad&rthi, &iv&ditya

—

i.e. the ultimate unit of time is the time during which

motion exists in an atom prior to its division from

another atom, in a case of division due to motion).

The S&nkhya, we have already seen, determines

this ultimate unit by reference to the motion of a

Tanm&tra.

The number of such units will determine the time-

interval between a given set of physical conditions and

a particular effect, for between a so-called sum of causes

and a so-called sum of effects there intervenes a series

of atomic (or molecular) motions, with conjunctions and

disjunctions which form the causal chain. However

crude in the practical application, the fundamental idea

is, in connection with the principle of work and energy

(for which both the S&nkhya and the Nyiya-Vai^eshika

furnish a rudimentary basis), immensely suggestive of a

possible Time Calculus.

Plurality of Causes.—This will be discussed when

we consider the relation of Vy&pti to the principle of

Causality.

The Nydya Ground ofInference— Vydpti ftpnraTynft .

—Inference, then, in the Ny&ya, depends on the

ascertainment, not of the causal relation, nor of

T

Digitized byGoogle



274 THE POSITIVE SCIENCES OF

the relation of genus to species, but of a natural

relation, between two phenomena, of invariable and

unconditional concomitance (aqiftiflty: qronftpi:

*lrfln—Udyotakara and V&chaspati). Of the two

phenomena so connected, one is called the Vyipya or

Gamaka (the sign, mark, or indicator), and the other

Vyipaka or Gamya (the thing signified, marked, or

indicated). In the relation of fire and smoke, for

example, smoke is the Vy&pya or Gamaka (sign or

mark); and fire, the Vy&paka or Gamya (the thing

signified or marked). Now the relation of Vy&pti

between A and B may be either unequal or equipollent

(Pnnnfli or ***nfti). When A is the sign of B, but

B is not the sign of A, the Vy&pti is one-sided or

unequal, and here a Vy&pti is said to exist between A
and 2?, but not between B and A. For example,

smoke is a sign of fire, but fire is not universally a sign

of smoke. When, therefore, the relation of Vydpti is

an unequal one, as between smoke and fire, it is

expressed in the proposition—Wherever the Vy&pya

(sign or mark, e.g. smoke) exists, the Vy&paka (the

thing signified or marked, e.g. fire) also exists. From

this it follows by necessary implication (a sort of

*$raftr) that whenever the Vydpaka (e.g. fire) is

absent, the Vy&pya (e.g. smoke) is also absent

(«nw*r* ^nqwrc). Again, the Vydpti may be a

mutual or equipollent one, i.e. A and B may be signs

of each other, e.g. green-wood fire and smoke. Here

each in turn is Vy&pya and Vy&paka, and this is

expressed in the two propositions :—(1) Wherever there

is smoke there is green-wood fire, and (2) wherever
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there is green-wood fire there is smoke. By necessary

implication it follows—(l) Where there is no green-

wood fire there is no smoke; (2) where there is no

smoke there is no green-wood fire. We have seen that

a Vy&pti exists between smoke and fire, for wherever

there is smoke there is fire, but we cannot say that a

Vy&pti exists between fire and smoke, for we cannot

say that wherever there is a fire there is smoke. The

combustion of an iron ball (wfrfc?*), for example, is a

case of fire without smoke. But it would be correct to

say that a Vy&pti exists between green-wood fire and

smoke, as well as between smoke and green-wood fire.

The question, therefore, is : what is the relation

between fire and smoke? The relation between fire

and smoke is a conditional relation ; i.e. on condition

that the fire is green-wood fire, it would be a sign of

smoke. In other words, a Vydpti implies unconditional

invariable concomitance, and the relation between fire

and smoke is not therefore a Vy&pti (natural uncon-

ditional concomitance), for fire requires a " condition,"

Up&dhi, viz. green-wood, to be followed by smoke.

Smoke, on the other hand, requires no " condition " to

indicate fire. For the purposes of Inference, therefore,

relations between phenomena may be considered as of

two kinds : (1) Contingent conditional relations,

holding good on the fulfilment of a certain condition or

Upddhi, and (2) Vy&pti, or unconditional invariable

relation, between a mark and that which it marks, a

relation without any Upddhi or determining condition

(smfafajt: It is this latter kind of relation that

serves as the ground of inference. If we can ascertain

T 2
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that a Vy&pti exists between A and B, then A is a sign

of 2?, and an inference of the presence of B from the

presence of A, and of the absence of A from the

absence of 2?, would be warranted. The question,

therefore, is, how to ascertain the relation of Vy&pti

between two phenomena.

Ascertainment of Vydpti according to the early

Nydya («i iflm^mq)
.—Briefly speaking, the observation

of agreement in presence (vw) as well as agreement

in absence (i|fli$*) between two phenomena, with the

non-observation of the contrary («iftiiKi4$J!^), is the

foundation of our knowledge of Vy&pti (^farr^T

—V&chaspati). This suggests a natural relation

fcgrmflniRfwpt—V&chaspati) of invariable concomitance

(Orjqjimg^—V&chaspati) between the phenomena, which

is fortified by our non-observation (w^jhr) of the

contrary (iiftm), But this does not establish the

unconditionally of the concomitance (jMifafa*jm**Jv),

which is essential to a Vy&pti. We have therefore to

examine the cases carefully to see if there is any

determining condition (Upadhi

—

i.e. some hidden or

undetected but really operative or indispensable accom-

paniment) which conditions the relation between the

supposed sign or mark (Gamaka) and the supposed

signate (thing signified, Gamya). Now let us consider

what constitutes an Up&dhi. It is a circumstance

which always accompanies, and is always accompanied

by, the supposed signate (the thing signified,

Gamya), but does not invariably accompany the

supposed sign or mark (Gamaka). If, therefore, in

the set of positive instances where both the sign and
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the sigiiate are present, nothing else is constantly

present, there can be no Upidhi. Or, again, if in the

set of negative instances where both the sign and the

signate are absent, no other material circumstance is

constantly absent, there is no Up&dhi. This follows

from the very definition of an Upidhi It is impractic-

able to fulfil these requirements rigorously. Still, every

one of the accompanying circumstances (of course the

likely ones) may be taken successively, and it may
be shown that the comcomitance continues even when

the suspected Upddhi (yfffftmfV) is absent, and there-

fore it cannot be the Up&dhi And this is to be fortified

by the observation of uniform and uninterrupted agree-

ment in absence (Vyatireka) between the two concomi-

tant phenomena. In this way, when we have disproved

all suspected Up&dhis, we conclude by establishing the

Vy&pti. It is true that we may still go on doubting ;

but doubt has a certain limit for the " experimenter
"

and the thinking person (qpctap** inffn^). When doubt

overthrows the foundation of all rational practice

(uwiAo*<*I*<H*i), or leads to a stoppage or arrest of all

practical activity (<£)««h<k), it stands ipso facto

condemned, and must be abandoned (oimiAiqftKijifi

—

&rfharsha and Udayana ; «n*nr is mentioned by V&cha-

spati). Thus it is that Vy&pti is ascertained. In this

way we observe innumerable instances of Vy&pti.

Now, by means of repeated observations of this kind

(wfcpjhf) we have established the principle of the

Uniformity of Nature (^i^uI>h), and also of Causality ;

and these two principles thus ascertained may be made

use of in their turn as the basis of an argumentation or
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deduction (Tarka, Uha, w*) to confirm a particular

Vy&pti in a particular case. Tarka or Uha, then, is the

verification and vindication of particular inductions by

the application of the general principles of Uniformity

of Nature and of Causality, principles which are them-

selves based on repeated observation and the

ascertainment of innumerable particular inductions of

uniformity or causality (*^$Hii PHfldw<«f); fl^ ^pw^r

iSN iDwmHmiOj—V&chaspati). Thus Tarka also helps in

dispelling doubt (tp?*). ^rfharsha, however, questions

the validity of this verification

—

cf. the well-known

couplet ending wt: junto fm i

It will be seen that the process of disproving all

suspected Up&dhis (wftiyfTftrem), in the early Ny&ya,

answers exactly as a process to Mill's Method of Agree-

ment. In fact, the disproof of a suspected Upidhi by

pointing to instances of agreement in presence

even in the absence of the Up&dhi, fortified as this is

by the instances of agreement in absence (*i|fl!$*),

virtually amounts to Mill's Joint Method of Agreement.

But the fundamental difference is this : Mill's Method

of Agreement is formulated in view of the phenomena

of causation (including co-effects, etc.), and, as usually

enunciated, confessedly breaks down in dealing with

cases of Uniformities of Co-existence unconnected with

Causation ; the Ny&ya Method, based on the disproof of

suspected Up&dhis, is a more daring and original attempt,

and is far more comprehensive in scope, being applicable

to all Uniformities of Co-existence and of Causation

alike. And this the Ny&ya successively accomplished by

introducing the mark of unconditionally (wftrftrywr)
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into the relation of Vy&pti (Concomitance), even as

the same mark of unconditionality (w^viitaftigMifli) had

been previously introduced into the definition of

Causality (wraNnTSPira). The difference between the

early Ny&ya and the Buddhist systems may be briefly

put thus:—The former relied on empirical induction

based on uniform and uninterrupted agreement in

Nature, and accordingly regarded the Method of Agree-

ment as the fundamental Method of Scientific Induction,

founding Inference on Vy&pti, to which they subordinated

Causality in the doctrine of Method ; the latter assumed

two a priori principles, viz. causality and identity of

essence, deduced the canon of the Method of Difference

by an indirect proof from the principle of Causality,

and made this Method the foundation of all scientific

Induction of Causality, just as they based all natural

classification of genera and species on their a priori

principle of Identity of Essence.

Texts from the early Nydya

:

—
(a) Method of Agreement and the Joint Method

without the device of the Upddhi :

—

Cf. Jayanta on *rr^ral—dftn^ •! Art wt
irr. i i^#Rwft ftnm: *f*TftnT i

c

irftR^ " only this

remaining throughout/' while others change—implying

the Method of Agreement The set of positive instances,

in which this antecedent alone is constant, must be

supplemented by a set of negative instances (agreement

in absence) :

—

^fti^ftnronar^o iifofmugm ijMM*: i ftnwwrt

t*t£ ^wffcr^ *fir mft Art * ?flr i in
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Art 1 Hwmvm ^Am umIX^ i^ ^ftr—Jayanta, Ahnika 2,

(b) Doctrine of the Upddhi : unconditional con-

comitance distinguished from conditional :

—

(o) Concomitance sufficient without causal nexus

:

—
The Buddhist objects : In Nature everything is

connected with everything else. Hence, if there were

no nexus of causality between antecedent and conse-

quent, everything might follow from everything else.

The Ny&ya replies : You admit uniformities (of co-

existence, etc.) other than causal; so you confess

that a natural fixed order can exist without the causal

nexus ....

(d) An Upddhi, how established and how dis-

proved :

—

The Ny&ya then proceeds to show how an Up&dhi

is established, or how disproved by observation :

—

(e) General Method of Induction by exhaustion
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of the Upddhi, more comprehensive than Mill's Joint

Method :

—

For the definition of an Upddhi, vide &rfharsha and

Udayana : vqnranRt vt ^mrowTftn T^ifc w ginftrftfii i

Hence, to avoid an Upidhi (which is mMwmitk), the

constant presence of anything relevant other than the

sign and the signate in the positive instances (of agree-

ment in presence, and the constant absence of

any such thing in the negative instances (of agreement

in absence, *rfirrw) must be safeguarded against This

amounts to Mill's Joint Method,

(/) Suspicion of non-perceptible Up&dhi—Limits

of legitimate doubt :

—

wftn *9wift*i4 nflwinfli ^fir *rarw^ i w^t ^npn Hftnrt

mftm yfTFr^n^ i w^nfnrrg Jhjmrt ftffwygwn^ i tout

(g) Tarka, Uha : Deductive verification of particular

inductions by applying the two fundamental inductions

of Uniformity of Nature and Causality :—Doubt finally

dispelled :

—

Now innumerable particular uniformities of this

kind (Vy&ptis) are observed, and as a result of this

repeated observation a belief in the Uniformity of

Nature (^i^Oih), as well as in the principle of

Causality (*ij%«iuwt*), is generated in the mind, a belief

which has evidential value and validity. It is not
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intuition (?i *tot^) but a mental pre-disposition based

on uniform and uninterrupted experience (^ft^nrftnr-

^ftr wurarart *mr^). Then, armed with these new

resources, the belief in uniformity and in causality as

general principles, we proceed to fortify our particular

inductions (Vy&ptis), whether of Uniformity of Nature

or of Causality, by indirect deduction from these general

principles :—We argue : If, under these observed circum-

stances, A were not the mark of B, the principle of

Uniformity of Nature would be violated—Nature would

not be uniform—or, if under these observed circum-

stances A were not the cause of 2?, the principle of

Causality would be violated, the phenomenon B would

be without a cause ;—and such indirect proof (w#9 nif)

gives us the overwhelming probability which we call

practical certitude, and on which every reasonable man
(every thinking and judging person) proceeds to act in

due natural course.—^nmnrw nflnur iwt. ^rcrranr, *flj

muwmlnj mgfrflrfli tpN^to gftnaranawflr-

u^M^g i iw ^?n, mi Ararat i—Vdchaspati, L,

1, Sutra 5 ; cf. also L, 1, Sutra 40 : grorofrreiwi

Instances of Vy&pti (uniformity) not comprehended

under Causality, or the relation of genus and species :

—

The Ny&ya points out that the relations of cause and

effect and of genus and species do not exhaust the

grounds of Inference. There are cases of Inference

based on Vy&pti (i.e. on invariable and unconditional

concomitance) which come neither under Causality

(njiRftr) nor under Identity of Essence (ht^tw).
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V&chaspati notes that to-day's sunrise and yesterday's

sunrise, the rise of the moon and the tide in the ocean,

the relative positions of the stellar constellations, are

instances of Vydpti (invariable concomitance) between

phenomena which are neither related as cause and

effect nor as genus and species. Jayanta adds the con-

junction of sunset with the appearance of the stars;

of ants moving in procession (with their eggs) with the

approach of the rains ; of the rising of the constellation

Agastya (Canopus) above the horizon with the drying-

up of rivers ; of the spring-tide with the full moon ;

and dismisses as sophistical and far-fetched the Buddhist

attempt to explain all these cases by means of causality

We have seen that the Ny&ya and the Mimdnsi reduce

most of these conjunctions to cases of co-effects of the

same cause, co-effects which may be either simultaneous

or successive.

WITOPI 1—V&chaspati, T&tparyyatikd, L, 1, Sutra 5 ;

cf. also Jayanta, Ny&yamanjarf : Tjn^t *it imflr

Vydpti between Cause and Effect—Relation of

Causality to Vydpti

:

—
On the Buddhist (and early Ny&ya) view that one

specific assemblage of " effect " phenomena has one

specific assemblage of causal conditions, there would be

two aggregates—the sum of causal conditions (#Km«i*ufl)
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and the sum of effects (g iJUuntfl ). For example, fire

requires green-wood to complete the sum of causal

conditions to give rise to smoke with some particular

marks (ipfWhf—Jggm^Jii^iHA flftipf, Jayanta, II. ; com-

pare Gangesa, «wjj%iwmQ|4h4 wprrj^fii^T^cwww^

—Chintdmani, Anumana, Viruddha-Siddhinta). Here,

between an effect and a single condition (termed a

cause) there is a relation of Vy&ptL The effect is

Vydpya or Gamaka (the sign or mark) ; the cause (or

condition) is Vy&paka or Gamya (the thing signified).

In other words, the presence of the effect indicates the

presence of the causal condition, and the absence of the

causal condition will by implication indicate the absence

of the effect Smoke of this particular kind is supposed

to be an effect of which there is one and only one

assemblage of causal conditions (fire and green-wood)

;

hence, where there is smoke there is fire, and when

there is no fire there is no smoke.

Now introduce the complication of the plurality of

causes :—Fire, for example, is the effect of several assem-

blages, e.g. (1) blowing on heated grass ; (2) focussing

rays through a lens on a combustible like paper or

straw; (3) friction with the fire-drill, etc. Here each

assemblage is regarded as a sum of causes. But in this

case there is no Vy&pti between the effect " fire " and

any particular assemblage of causal conditions, say of

the lens or the fire-drill ; for the presence of fire does

not indicate the presence of the lens or the fire-drill

assemblage, nor does the absence of either of the latter

in particular indicate the absence of fire. Indeed, in

such a case the effect " fire " is not a mark or sign
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(Gamaka or Vy&pya) of any one in particular of the

different possible causal assemblages, though each of

these particular assemblages of causal conditions is a

mark or sign (Gamaka or Vy&pya) of fire.

The plurality of causes requires a further con-

sideration in the light of the definition of the causal

relation. A cause is defined to be the unconditional

invariable antecedent. From the unconditionality it

follows that the entire sum of conditions, and not one

single condition, is, properly speaking, the cause. In

view of the plurality of causes, an invariable antecedent

must be taken to mean that any particular cause (i.e.

assemblage of causal conditions) is invariably followed

by the effect—not that the effect is invariably preceded

by any particular cause.

Popularly, a single condition, say the lens or the

fire-drill, is said to be a cause of fire ; but, in view of

the plurality of causes, this is apt to be misleading, as

there is no Vy&pti in this case ; the lens or the fire-drill

is no more a mark of fire than fire is a mark of the lens

or the fire-drill

The plurality of causes strains the definition of a

cause, and undermines the relation of Vy&pti between

an effect and a cause. Any particular cause (causal

aggregate) still indicates the effect, but not vice versa.

The earlier Ny&ya (down to V&chaspati and Jayanta)

obviated the plurality, as we have seen, by introducing

distinctive marks in the effect such as would indicate a

single specific cause (*nd$5rara or ^roW?? indicating

•mrtaiffi or wnsw^). Some, indeed, went farther

and held that when the antecedent causal assemblages
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differ in kind, the effect-phenomena, though apparently

the same, do really differ specifically (or in kind)

—

yren^nraTH i But the Ny&ya discards this

hypothesis; the fire is the same, though the possible

causes (or causal aggregates) differ, e.g. the lens, the

drill, etc. But the effect-phenomenon to which we

attend is not the only effect ; in the case of plurality of

causes we must carefully examine the accompaniments

of the effect, i.e. the sum of effects, and the examination

will show some distinctive or specific circumstance or

accompaniment which will enable us to definitely

determine the particular assemblage of causal conditions

that must have preceded in the case under examination.

This is the device of the earlier Ny&ya as well as of

the Buddhists, as we have seen ; but the later Ny&ya

doubts the practicability as well as the theoretical

validity of such a step on an unrestricted assumption

of the plurality of causes, and feels troubled by the

circumstance that no effect for which more than one

cause (or causal aggregate) can be assigned, can be

regarded as a mark or sign (Gamaka or Vy&pya) of

any one of the causes in particular. Accordingly, some

adherents of the later Ny&ya advanced the proposition

that when more than one causal aggregate can be

supposed for any effect, the latter is a mark or sign

(Gamaka or Vy&pya) not of any one of the causal

aggregates in particular, but of one or other of them

;

and the absence not of one such cause, but of each and

every one of them, alone indicates the absence of the

effect A cause therefore should be defined to mean

one or other of the possible alternative aggregates
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which, being given, the effect follows invariably and

unconditionally. If we ask what is the defining mark

(or quiddity) of the cause (*Kiui!N^*), we are told

that it is one-or-otherness (vannnv), and nothing else

;

others cut the Gordian knot by assuming that the

different possible causes of the same effect possess a

common power or efficiency (vftifVajife), or a common
" form " (mOuftum), which accounts for the production

of a common effect. The latter is therefore a sign or

mark of this power (jrffc) or this form (infirohwr)
,

which is manifested by each of the causal aggregates.

This hypothesis (^psrt), they hold, is simpler and

more plausible than the hypothesis of specific differences

latent in the apparently identical effect of a plurality of

causes («mu3qiiM l^ «niftni«^ ).

Cf Dinakari on the Siddhinta-Muktavali

:

*€Hwfrw iiwi^pwp^nrt w^ftpn^ «k<m««<mijii

flftfT^^ jrftaforftr. nmf. i &loka 2 ; cf also, yuKftungMflM

Cf Udayana, Kusumdnjali, Stavaka 1 : *1 wf|
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The scientific Methods already noticed—the Joint

Method of Difference (the Panchak&rani) and the Joint

Method of Agreement (Vpiptigraha with Up&dhisanka-

nirasa and Tarka)—are not the only methods of

ascertaining causality or concomitance, or establishing

a theory (fairer); nor are these Methods always

practicable. Very often we reach the explanation of a

fact (*rofti) by means of a hypothesis (wstot)

properly tested and verified (ftraftr). A legitimate

hypothesis must satisfy the following conditions :—(1)

the hypothesis must explain the facts (^rftrffc or

TOtftr); (2) the hypothesis must not be in conflict

with any observed facts or established generalisations

(^fftw*l wj# ir^lfc, if {tfafTwra—Jayanta, Ny&ya-

manjari, Ahnika l) ; (3) no unobserved agent must be

assumed where it is possible to explain the facts

satisfactorily by observed agencies (ijfiy m^npafa jt

ftrafii #wij# wwin^, ^•mwiisOi ngMuil fit i^vnnBnh^

ibid.) ; (4) when two rival hypotheses are in the field,

a crucial fact or test (ftftpimr, ratio sujfficiens) is neces-

sary; the absence of such a test ( ftftinM iHut) is

fatal to the establishment of either; (5) of two rival

hypotheses, the simpler, i.e. that which assumes less,

is to be preferred, ceteris paribus (*6MI#hm versus

«<SHinUq ) ; (6) of two rival hypotheses, that which is

immediate or relevant to the subject-matter is to be

preferred to that which is alien or remote (roftqfawm)

;

(7) a hypothesis that satisfies the above conditions

must be capable of verification (ftrfq) before it can

be established as a theory (ftnmr). The process of

verification of a hypothesis consists in showing that

GoogleDigitized by



THE ANCIENT HINDUS 289

it can be deduced as a corollary from (or is involved

by implication in) some more general proposition which

is already well established (cf. Vatsyayana's exposition

and illustration of Verification, ftrti—including both

the Deductive Method and Colligation).

This doctrine of Scientific Method, in Hindu Logic,

is only a subsidiary discipline, being comprehended

under the wider conception of Methodology, which

aims at the ascertainment of Truth, whether scientific

(VijMna) or philosophical (JnAna) («fH| Ann*

ffrgnrewfcj
Amara-Kosha) ; the latter being the

ulterior aim. In the investigation of any subject,

Hindu Methodology adopts the following procedure

:

(1) the proposition (or enumeration) of the subject-

matter (Uddesa), (2) the ascertainment of the essential

characters . or marks, by Perception, Inference, the

Inductive Methods, etc.—resulting in definitions (by

9^9) or descriptions (by Tf^nro) ; and (3) examination

and verification (vrffop and ftrfq). Ordinarily the first

step, Uddesa, is fceld to include not mere Enumeration

of topics, but Classification or Division proper (flwm:

smi%mhmhi3 wnft 1 TOPrtpi ^Hhig^n mrr^n
**NN flwm ^fir—Jayanta, Manjari) ; but a few

recognise the latter as a separate procedure coming

after Definition or Description. Any truth established

by this three-fold (or four-fold,) procedure is called a

Siddh&nta (an established theory). Now the various

Pram&nas, Proofs, i.e. sources of valid knowledge, in

Hindu Logic, viz. Perception, Inference, Testimoify,

Mathematical Reasoning («*ra, including Probability

in one view), are only operations subsidiary to the

u
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ascertainment of Truth
(mpftnti). And the Scientific

Methods are merely ancillary to these PramAnas

themselves.

I have explained the principles of the Hindu

doctrine of Scientific Method, avoiding the techni-

calities of Logic as far as possible ; and I cannot here

enter upon the logical terminology or the logical

apparatus and machinery, which would require a sepa-

rate volume to themselves. For these I would refer

the reader to my Paper on Hindu Logic as also for

an account of the later Ny&ya which, in

spite of its arid dialectics, possesses a three-fold signifi-

cance in the history of thought: (l) logical, in its

conceptions of Avachchhedaka and Pratiyogi, being an

attempt to introduce quantification on a connotative

basis, in other words, to introduce quantitative notions

of Universal and Particular, in both an affirmative and

a negative aspect, into the Hindu theory of Inference

and Proposition regarded connotatively as the esta-

blishment of relations among attributes or marks;

(2) scientific, in its investigation of the varieties of

Vyipti and UpAdhi (and of wararffev), being an elabora-

tion of Scientific Method, in the attempt to eliminate

the irrelevant ; and (3) ontological and epistemological,

in its classification and precise determinations of the

various relations of Knowledge and Being, with even

greater rigidity and minuteness than in Hegel's Logic

of Being and Essence. I will conclude with a few

observations on Applied Logic, i.e. the logic of the

special sciences, which is such a characteristic feature of

Hindu scientific investigation. What is characteristic
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of the Hindu scientific mind is that, without being

content with the general concepts of Science and a

general Methodology, it elaborated the fundamental

categories and concepts of such of the special sciences

as it cultivated with assiduity, and systematically

adapted the general principles of Scientific Method to

the requirements /of the subject-matter in each case.

The most signal example of applied logic (or Scientific

Method) worked out with systematic carefulness is the

Logic of Therapeutics in Gharaka, a Logic which adapts

the general concepts of cause, effect, energy, operation,

etc., and the general methodology of science, to the

special problems presented in the study of diseases,

their causes, symptoms, and remedies (vide Charaka,

Vim&nasth&na, Chap. IV. ; also Sutrasth&na ; vide my
Paper on Hindu Logic). Here I will give an illustra-

tion of Applied Methodology from the science of

Analytical and Descriptive Grammar. Patanjali, in

the Mah&bh&shya (circa 150 B.C.), is very careful as

regards Methodology. I take no note now of the

philosophical presuppositions of his philology (vide my
Paper on the Hindu Science of Language), but will con-

fine myself to his presentation of the Applied Logic of

Descriptive and Analytical Grammar. The sentence is

the unit of speech, as every Hindu philologer contends,

but the first business of Analytical Grammar is to

analyse the sentence into its significant parts and their

coherent relations to one another. Assuming that

articulate sounds are significant, the question is : how

is the sentence, which is the unit of articulate speech,

broken up into significant words and their mutual
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relations? Patanjali answers that this is done by an

instinctive use (cf. V&chaspati's *^{$4i|P«ifl<i<<iK^ ^5*^)
of the Joint Method of Difference (combined Addition

and Subtraction), fortified by the Joint Method of Agree-

ment Patafijali starts with a simple

case. Take the two sentence-units : Pathati (he reads)

and Pachati (he cooks). Suppose you start with the

assumption that these sounds are significant, and that

separate elements have separate meanings. Then you

hear Pathati, and, at the same time, a man reading is

pointed at Then the assemblage of sounds Pathati

(i.e. Path+ati) stands for the assemblage "one reads"

(i.e. the action reading+ an individual agent). Similarly,

by finger-pointing or other indication, you find that

the assemblage Pachati (i.e. Pach+ati) stands for the

assemblage "one cooks" (i.e. the action cooking+ an

individual agent, say the same agent as before).

Now look at the groupings :

—

Path +ati= reading+ one agent.

Pach +ati= cooking+ one agent

From repeated observation of similar groupings, one

is led to conclude that Path is the invariable concomi-

tant of the action " reading," because the disappearance

of the former (the other element remaining) leads to

the disappearance of the latter (a rough Method of

Difference by subtraction—tf*rir) ; that Pach is the

invariable concomitant of the action " cooking," because

the introduction of Pach (with nothing else added)

leads to the introduction of the action " cooking " (a

rough Method of Difference by addition—Twnr) ; and
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that Ati, which is the only " common antecedent"

(vqrcft), is the invariable concomitant of " one agent,"

which is the only common " consequent " (vqrcft). In

fact, the last should come first by the Method of Agree-

ment, then the other two, either by Residue or by

Joint Agreement in presence and absence (*mu«i total).

So far all is plain sailing, though only very simple and

very rough applications of the Methods are given.

But—and this is the point—throughout the argument

it is assumed that one sound is the concomitant of one

idea ; in other words, there is no plurality of causes to

vitiate the application of the Method of Agreement in

the above example. And now the objection is advanced

that this basal assumption is untrue. The same sound

is not the concomitant of the same idea ; different

words (sounds) may have the same meaning, and the

same word (sound) may have different meanings. W6
cannot therefore by the Joint Method of Agreement

(iM4|«lftu>ft) determine the meanings of words or the

separate functions of roots (stems) and inflections—at

least, not so simply as is pretended above. Patanjali

states this difficulty in the way of applying the

Scientific Methods to the problems presented by

Analytical Grammar, a difficulty arising from the

plurality of causes, but does not state the solution.

The solution, however, depends on the Method of Sub-

traction and Addition (Patanjali's *hrir and Tmiror)

;

for it will be found by extensive observation that the

number of meanings of which a word (sound) may be

capable is limited. So also is the number of words

(sounds) expressive of a given meaning. Hence, by
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the Method of Difference, etc., the causal relations of

words and meanings may be determined. Patanjali

thus establishes the doctrine of Prakrtti and Pratyaya

(roots and inflections), with their separate significance,

which is of course a necessary postulate in the case of

an inflectional language like Sanskrit. Isolating and

agglutinative languages offer less difficulty, whereas

the difficulties are in some respects enhanced in the

case of languages with a polysynthetic or incorporating

(incapsulating) morphological structure.

Wtaft W5*pft *lfilUll WT I M^il^fl WflU^ WTW> Monlqiii

*f%^ in^t ^hnr (w^),— vfv^ smim* —aPvi^ ^wrt

(wfW;—^niftfti vfv^ ^Nw (f%fiiftK)^«--^ffii^ ^mima (iifirftwT)*

—vflfi^ w»wrt (w^i M+A*) i ihfirwi jrafr fta]i> toi ^nft

^«if i jp? ^twrw tor ^hiw i

T. 3<<Mjfl TOI Wit wfc qfrgfrapfl I

jt^kj i jreft i ti^wt *totk it^t Tnn ^fir i fl(

^fir i (Mah&bh&shya, 1-3, 9.)

Patanjali not only applies the Scientific Methods to

the foundations of Grammatical Analysis, but also by

their means establishes and elaborates the fundamental

categories and concepts of Grammatical (and Philo-

logical) Science, e.g. the concepts of action (ftim), agent

(irih), instrumental cause (#i4 upwtto^), end (firflni)j

origin (fj), limit (**fti), substance (j*), quality (g*),

and genus (mflr) ; also of the fundamental relations (at

the bottom of all thought and speech)—the relations
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of time (wTf^ranrar*r), of space
(IV^y °f causality

(*hNtt**t*), of inherence (prr), of co-inherence

frmr^Tftnrei), of substance and attribute (fajtaftrjfon*),

of the sign and the signate (tifrtffcmw), of mutual

dependence
(^mruiR)—an entire grammatical (and

philological) apparatus, which will serve as a point

(Tappui for generations of philologists and grammarians

to come.
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